








VOL. XLIII APRIL 1959 








THE JOURNAL OF AGRICULTURE 





of the 


UNIVERSITY OF ase TO ® 


Cy to ise 








THE RESPONSE OF TWO SUGARCANE VARIETIES TO FERTILIZERS 
AT RIO PIEDRAS, 1954-57 
P. Landrau, Jr., G. Samuels, and 8. Alers-Alers 73 
THE RESPONSE OF COTTON TO FERTILIZERS IN PUERTO RICO 
G. Samuels, J. P. Rodriguez, and P. Landrau, Jr. 89 
OCCURRENCE OF SOIL eo NORTHEAST OF THE GUANICA 
LAGOON, LAJAS VALLEY, P. R 
G. Acevedo, M. A. Lugo-Lépez, and J. Ortiz-Vélez 103 
FURTHER EXPERIMENTS ON THE CONTROL OF PINEAPPLE GUM- 
Moris EN PUBIEO HICO: oo... oot vise cecieccinwene Mario E. Pérez-Escolar 116 
THE EFFECT OF VARIOUS PROCESSING METHODS ON EASE OF RE- 
MOVAL OF MORE THAN HALF THE SILVER SKIN FROM GREEN 
MR MELE ER EEUIN So 2s 5 cw c's eca hs Sa ahh bie. w een a oelga Rat teenie ee D. 8S. Boyce 128 
THE MYSORE RASPBERRY, A NEW FRUIT FOR HOME GARDENS IN 
THE CENTRAL-WESTERN MOUNTAINOUS REGION OF PUERTO 
RN slo Paso Eee said Ue OE on aCU NE Roe Tara Singh Dhaliwal 132 
RESEARCH NOTES 
Absence of Hemagglutinins from Buffer Extracts of Virus-Infected Leaves 
Enrique Pérez 139 
Germination of Elephant Grass (Pennisetum purpureum Schum.).A. J. Oakes 140 


PUBLISHED BY 
UNIVERSITY OF PUERTO RICO 
AGRICULTURAL EXPERIMENT STATION 
RIO PIEDRAS, P. R. 





Second-class postage paid at Rio Piedras, under the Act # August 24, 
1912, as amended by the Act of August 4, 1947 








University of Puerto Rico 


AGRICULTURAL EXPERIMENT STATION 


Rio Piedras, Puerto Rico 


JAIME Benitxz, M.A., 


L1.M., Chancellor 


Station Staff 


Arturo Roque, MS........ 


B. G. Capé, Ph.D 


A. Gonzalez Chapel, M.S}. 


Agricultural E. and Rural Sociology 


J. M. Rios, M.S., Rural Soc., Head of Dept. 
M. Avilés Cordero, M.S., Assoc. Econ. 

J. R. Calder6n, M.S., ‘Asst. Econ. I. 

J. B. Candelas, B.A. ae. Asst. I in Econ. 

J. Col ollazo Collazo, M.S., Res. Asst. I in Sociol. 
J, F. 
R. 





Collazo Sainz, . Asst. II in Sociol. 
Echegaray?, B. S.. “Res. Asst. I in Econ. 
Garcia 3 B.A., Res. Asst. I in Econ. 

D. Haddock, M.B.A., Econ. 
L. Hernéndez, M.S., Asst. Econ. I. 


L. Quintero Alfaro, B. A., Res. Asst. Li in Econ. 
3. Rodriguez, (Miss) ’B. : at *Res. Asst. I in Econ. 
‘Rodrigues Torréns, (Miss) B.A., Res. Asst. I in 
jociol 
. Rodriguez Garcia, B.A., Res. Asst. I in Econ. 
. Rodriguez Vidal, B.S., Res. Asst. I in Econ. 
. Serrano » Rodrigues, B. ii Res. Asst. I in Sociol. 
. Silva, M.S., Assoc. Econ. 
. Soto Aguayo, Tech. Asst. 
. Torres Rom&n, B.B.A., Res. Asst. I in Econ. 
. Vargas’, B.A., Res. ‘Asst. I in Econ. 
. Vélez O meda, B.S.A., Res. Asst. I in Econ, 
. Zapata, B.A., Res. Asst. I in Econ. 


Agricultural Engineering 
As nen Hess?, M.S., Agr. Eng., Head of 


ag Arias, Ph.D., Actg. Head of Dept. 
h. Otero DaAvila, B.S., Res. Asst. I in Agr. Eng. 


Agronomy and Horticulture 


. Gonzflez Rios, M.S., Agron., Head of Dept. 
. Alers Alers, B. 8. * Res. Asst. II in Agron. 
. 8S. Amy ,BS., Assoc. Agron. 

Ge MS. Agron. 

. Col6n, BS. Res. a a3 in Agron. 

. Gandia Diaz, B.S., 

. Hernandez, Ph. Bi: om Hort. 

. Marquez Lugo, B. 5. Asst. Agron. I. 

F, “Méndez, M.S., Agron. 

W. Pennock, M.8., Hort. 

J.P. Rodriguez, B.S., Agron. 

G. Samuels, Ph:D., Agron. 


Animal Husbandry 


L. Rivera Brenes, Ph.D., An. Husb., Head of Dept. 
J. A. Arroyo, B.S., Res. Asst. II in Chem. 

C. M. Berrocal, M. s., Asst. Bact. I. 

J. I. Cabrera, MS., ‘Assoc. An. Husb 

J. Herencia Garcia, B.S.A., Res. Asst. Tin An. Husb. 
C. R. Peebles, Ph. ’D., Assoc. Parasit. 


miZbhi> bp ty 


A dees an Sic ne. daprawen Director 


Assoc. Director 


tales, eraikeaeese Asst. Director 


J. D. Rivera Anaya, D.V.M., 
A. Roman, B.B.S., Res. Asst. ¥4 in. 


Entomology 


L. F. Martorell, Ph.D., Ent., pend of Dept. E 
A. Ayala Almodévatt, “B.A., Res. Asst. I in Nem. 
J. Chaluis4 Res, Asst. I in Ent. ’ 
8s. _—_ Gaud, 5 Res. Asst. I in Ent. 

M. E. Pérez, Ph.D., ‘Asst. Ent. II. 

C. T. Ramirez (Miss) BS., ee. Asst. I in Nem, ” 
J. Romén?, B.S., R Res. Asst, I in Nem. 4 
Ga, Steiner, Ph. Db. Nematologist. 


Food Technology Laboratory 


F, Sanchez Nieva, M.S. Tech. Dir. 

. R. Benero, B.S., Res. Asst. II in Chem. 

L. E. Cancel, B.S8., Asst. Chem. IT. 

. Colom Covas, 8. S., Asst. Hort. I. 

. Col6n Fortis, B.S., ‘Chem. Eng. 

. Conrad, (Miss) B. S., Res. hak I in Chem. 

. Galanes?, (Mrs.) B B&., R Res. Asst. I in Chem, 

. Garefa, (Miss) B.S., Res. Asst. I in Chem. 3 

; Garcia, (Mrs.) B.S., "Res. Asst. I in eee Technol, 
Gonz4lez, B.S. ” Asst. Chem. Eng. I 

: Martinez, (Miss) B. §., Res. Asst. I in Chem. g 

. Matos Maldonado, B. ‘s., Res. Asst. I in Chem, 

. Ottke, Ph.D., Chem ; 
J. Rodri eZ, "B.S., Asst, Chem. Eng. II. 

qx atos, (Mrs. ) B.S., Res. Asst. I in Chem, 

. Valentin Ramos, (Miss) ‘wee Res. Asst. II in} 

act. 1 


ot 


Fes~operPoagocm 


Plant Breeding 


J. Vélez Fortufio, Ph. D., Plant Bide, Head of Desi 
H. Azzam, Ph.D., Asst. Plant Brdr. Il. 

C. Garcia, (Mies) ’B. 1 Res. hat, a in Plant Brdr, 
H. Irizarry, B.S.A., Res. Asst. I in Plant Brdr. | 
J. A. Quifiones, B. $.A., Res. Asst. I in Plant Brdp, 
O. D. Ramirez, M.S., Res. Sat £4 in Plant Brie 4 
e: Singh, Ph. De Assoc. Plant B 

A. Sotomayor, M. S., Res. Asst. li os Plant Brdr. © 
R. Woodbury, M.S., ” Assoc. Taxon. 


Plant Pathology 


» Plant Path., Head of Dept. 
J. Adsuar, B.S., Plant. Path., Actg. Head of Dept, 
L. A. Alvarez’, MS. ‘ath. 
J. Bird, Ph.D. Assoc. Fett. 
A. Cortés Monilor, (lrs.) B.S., Res. Asst. I in Bath 
J. H. L6épez Rosa, _ Res. Asst. II in Path. 
J. E. ieee. Ph. De Bac 
F, Wellman, Ph. D., Pleat Path. 


Plant Physiology 


, Plant Physiol., Head of Deph 
H. Cibes Viadé, Ph. ’D., ‘Assoc. Plant Physiol. 





1 As of August 15, 1958. 
2 Leave to pursue studies. 


3 Other leaves. 
4 USDA collaborators. 


(Continued on inside back cover) 














THE JOURNAL OF AGRICULTURE 
OF THE UNIVERSITY OF PUERTO RICO 


Issued quarterly by the Agricultural Experiment Station of the University of Puerto Rico, for the publi- 
cation of articles by members of its personnel, or others, dealing with any of the more technical aspects 
of scientific agriculture in Puerto Rico or the Caribbean Area. 








Vol. XLIII April 1959 No. 2 


The Response of Two Sugarcane Varieties to 
Fertilizers at Rtv Piedras, 1954-57 





P. Landrau, Jr., G. Samuels, and S. Alers-Alers' 


INTRODUCTION 


The first experiments on sugarcane fertilizers conducted by the Agricul- 
tural Experiment Station of the University of Puerto Rico, in 1911, were 
ona Vega Baja silty clay at Rio Piedras (8).2 This soil type occupies about 
4000 acres occurring in a number of widely separated parts of the river 
flood plains in the humid sections of northern Puerto Rico. From 80 to 85 
percent of this area is used for sugarcane production, and most of the re- 
maining 15 to 20 percent is devoted to pasture for dairy cattle. 

Crawley and Cowgill (8) found that, when used for growing sugarcane, 
the Vega Baja silty clay responded to lime, nitrogen, and phosphorus. 
Chardén (5) showed that one fertilizer application to sugarcane on this 
soil was as good as the same amount divided into two applications. Char- 
dén and Méndez (6) encountered no difference in yields of cane attributable 
to the use of such nitrogen sources as ammonium sulfate, sodium nitrate, 
or cyanamide. Bonnet, et al., (/) found no difference in yields of cane due 
to the method of phosphate placement. In 1945-48, Capé, as reported by 
Samuels, e¢ al. (11) conducted a fertilizer-variety experiment on a Vega 
Baja silty clay using sugarcane varieties P.R. 903, P.R. 904, M. 275, and 
P.0.J. 2878, grown at seven fertilizer levels. There was a significant re- 
sponse to nitrogen and a limited response to potash. This was the first ex- 
periment in Puerto Rico in which leaf samples of the sugarcane were taken 
for correlation with yields of sugar. 

OBJECTIVES 


Since the work of Capé and associates, in 1945-48, the sugarcane varietal 
picture has changed. With this change has come also increasing knowledge 

‘Former Associate Agronomist, Agronomist, and Research Assistant II in Agron- 
omy, respectively, Agricultural Experiment Station, University of Puerto Rico, Rio 
Piedras, P.R. 

*Italic numbers in parentheses refer to Literature Cited, p. 87-8. 
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The dates of planting and harvesting, age of crop, and rainfall for the 3 


THE SOIL 


UNIVERSITY OF PUERTO RICO 


experiments at Rio Piedras, 1954-57 


Type of crop 


Summer planting 
First ratoon 

Fall planting 
First ratoon 

Spring planting 


Date of planting or 
or ratooning 


June 18, 1954 | 
May 9, 1955 
Nov. 26, 1954 
Jan. 23, 1956 | 
Mar. 11, 1955 | 


Date of cutting 


May 9, 1955 
June 4, 1956 
Jan. 23, 1956 
Jan. 28, 1957 


Apr. 17, 1956 | 


PROCEDURES 





of foliar diagnostic technique (4). The experiments described herein were 
designed to test the effect of various levels of nitrogen, phosphorus, and 
potassium on new leading cane varieties growing in a Vega Baja silty clay, 
This paper also reports on the use of foliar diagnosis to determine the fer- 
tilizer needs of the sugarcane varieties tested on this soil type. 


The Vega Baja silty clay is one of the more important of the poorly 
drained soils of the river flood plains. It is associated with the Coloso, For. 
tuna, and Martin Pefia series which occur in the humid and subhumid see- 
tions along the western, northern, and northeastern coasts. 

All the soils in this group have an elevation only a few feet above sea 
level, and in many of them the water table is constantly at a depth aver- 
aging less than 24 inches from the surface. Most of the areas are subject 


Total 


rainfall 


Inches 


58 
101 
116 

98 

85 


to frequent inundations and sedimentations. Most of the soil occurs as low, 
imperfectly or poorly drained flat areas between the well-drained soils of 
the river flood plains and the soils of the coastal lowlands. It lies slightly 
above normal river overflow, but during exceptionally high water it is 


The surface soil of the Vega Baja silty clay to a depth of 8 or 10 inches 
is friable light-brown or grayish-brown granular acid silty clay or silty clay 
loam. This layer changes abruptly to a plastic medium-compact mottled 
yellowish-brown, gray, and red silty clay or clay subsoil, which continues 
to considerable depth and becomes slightly more mottled and more acid 
with depth. This compact subsoil prevents easy root penetration and thus 
plant-nutrient and moisture supplies are difficult to obtain. 


Three experiments were utilized to study the response of sugarcane to 
fertilizers on Vega Baja silty clay. The experiments were planted at differ- 
ent seasons of the year so that information was obtained for a summer, fall, 
and spring planting, with a ratoon for each of the first two plantings. Two 
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varieties, B. 41227 and M. 336, were used for each experiment. The former 
isa Barbados cane which has shown outstanding promise in this area (/0) 
and the latter a cane noted for its high sucrose content and early maturing. 
The dates of planting or ratooning, dates of cutting, age of the crop, and 
rainfall during the crop, are given in table 1 


TaBLE 2.—T'he yields of available 96° sugar per acre, when 2 cane varieties were grown 
at different fertilizer levels at Rio Piedras, 1954-57 


Treatments per acre Yields of available 96° sugar per acre for — 


of 
Treat | Mean of all 
ment Experiment Experiment |Experiment | E xpe riment | Experiment 5 crops, 
No 1, summer | 1, summer 2, fall 2, fall 3, spring | 1954-57 
N P205 | K2O ple inting, planting, planting, pl anting, planting, 
plant crop, ratoon, plant crop ratoon, plant crop, 
1954-55 1955-56 1954-56 1956-57 1955-56 


B. 41227 


Lb. | Lb. | Lb. Cut. Cut. Cut. Cwt. | Cwt. | Cut. 


Bl 0 | 300 | 300 40 130 90 66 | 141 93 
B2 | 150 | 300 | 300 88 169 149 119 179 | 141 
B3 | 300 0 | 300) 100 179 139 121 177 143 
B4 300 | 150 300) 104 159 136 124 171 139 
B5 | 300 | 300 0 92 151 141 113 156 | 131 
B6 | 300 | 300 | 150 | 105 171 | 137 114 154 136 
B7 | 300 | 300 | 300 | 108 172 167 130 177 =| «151 

Mean of all 91 | 162 137 112 | 165 | 3g 


treatments 


Least significant dif- 
ference needed be- | | 
tween treatments | | 
of same crop at: 


5-percent level 11.4 29.3 17.0 | 20.9 | 19.9 | 20.6 
l-percent level 5.3 39.5 22.9 | 26.1 | 26.8 | 27.6 
VW. 336 
M1} 0/ 300/300; 38 | st | 7 | 67 3 | @ 
M2/{ 150 | 300 | 300 | 70 117 | 127 98 89 100 
M3} 300 0 | 300 76 123 | 133 102 108 108 
M4| 300 | 150 | 300 | 88 | 121 134 | 105 103 | 110 
M5} 300 | 300; Oj} 85 | 105 | 127 103 88 102 
M6} 300 | 360 | 150} 8&6 | 118 | 131 |} 113 103 | 110 
bili 300 | 300 | 300 ‘ 92 ae 73 | 142 116 104 114 

ene ab all | 76 | 12 | 124 | 101 | 95 | 102 
treatments | | | | | 
ous cuasiiiie ant dif- | | | 
ference needed be-| | | 
tween treatments | | | 
of same crop at: | 
5-percent level | 10.0 | 18.9 14.1 14.3 | 17.0 | 14.5 


l-percent level | 13.6 | 21.4 | 19.0 | 19.3 | 22.8 | 19.5 
| | 
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A randomized-block experimental design was used for each sugarcane 
variety with seven fertilizer levels. The various fertilizer treatments used 
are given in table 2. The fertilizer for each treatment was compounded 
from ammonium sulfate (20-percent N), superphosphate (20-percent P.O;), 
and potassium chloride (60-percent K,O). The mixed fertilizer was applied 
to each plot once for each crop. The fertilizer was applied to the plant crop 
just before planting in the furrow, and to the ratoon as soon after cutting 
as conditions would permit. 

The plot size was 24 feet long and 18 feet wide, which gave an area of 
one one-hundredth of an acre per plot. The plots had four rows with the 
3-eye sugarcane seed pieces laid on the bottom of the furrow at 1-foot in- 
tervals and covered with soil. This gave a rate of planting of about 9,600 
seed pieces per acre. 

The cane was cut by machete. That from each plot was weighed sepa- 
rately in the field using a portable crane and weighing baskets. Ten whole 
stalks of cane, minus the tops, were taken at random from different stools 
in each plot at the time of harvest. The canes were tagged as to origin and 
brought to the hydraulic mill at the Agricultural Experiment Station at 
tio Piedras for the determination of the sucrose content. All canes sampled 
were milled not later than 24 hours after cutting. 

Leaf samples for the foliar-diagnosis studies were taken every 15 days, 
beginning at an age of 2 and ending at 6 months. For the purpose of this 
study only the values at 3 months of age are reported, as they were the 
ones which showed the best correlation with fertilizer applications and cane 
yields. The leaf samples were obtained by taking 3 canes at random from 
each of the 4 rows in each plot; this provided 12 canes. Samples were then 
taken and analyzed as described in a previous publication (/3). 


RESULTS 


YIELD OF 96° AVAILABLE SUGAR PER ACRE 


99 


In all the experiments, B. 41227 outyielded M. 336 in 96° available sugar 
per acre (table 2). The results of the individual treatments will be discussed 
by fertilizer elements to obtain a clearer picture of the fertilizer treatments 
on yields. 


Nitrogen 

There was a significant increase in yield from the use of a nitrogen fer- 
tilizer. The average of the five crops showed that 150 pounds of nitrogen 
per acre gave significantly large increases in yields of sugar for both var'- 
eties. As shown in table 3, the percentage increase for the first 150 pounds 
of nitrogen was 52 for B. 41227 and 49 for M. 336. The addition of another 
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150 pounds of nitrogen per acre to that already added again increased 
vields of sugar for both varieties. 


TABLE 3.— 


varieties grown at Rio Piedras, 1954-57 


Relative increase in yield of available 96° sugar per acre (hundredweights) 
attributable to the addition of nitrogen, phosphorus, and potassium, from 2 


cane 




















™ ——_ | Experiment | Renesnens | ae a | ey | 
Fertilizer mee summer | summer | spring - 
dimen” | EetHlce | plating, | lnting, planting, | planting, | planting, | ASeage of 
| 1954-55 | 1955-56 I 1954-56 | 1956-57 aa 1955-56 
B. 4188 
N 0 | 0 | 0 + 0 0 0 0 
1 | 10 | 30 | 66 81 27 52 
2 170 | 32 | 86 | 98 26 62 
POs 0 0 | 0 | 0 0 0 0 
1 4 | -—1 | —2 3 —2 —4 
7 | 8 —4 | 20 8 —12 9 
KO oO | 0 0 0 0 0 0 
1 | 14 13 | —3 | 1 1 4 
2 | 18 Mo} wm | 5 —14 15 
M. 336 
N 0 o | 0 0 | oO 0 0 
1 | 89 45 67 46 22 49 
| © | we 4 45 87 73 43 70 
PO; | Oo | o | 0 0 0 0 0 
} 1’ | * |; +9 1 3 —5 2 
| = | 21 | <5 7 | 14 —4 5 
KO | 0O | 0 | 0 o | 0 0 0 
1 | 1 12 3 10 | 17 8 
| 2 | 18 | 11 12 13 | 18 12 

















'The alone: quantities of fertilizer in pounds per acre were used for the indi- 


cated units: 


Nitrogen treatments 
Fertilizer units 





Potassium treatments 





| 
| 
xo | N 








N |. P20s | K:0 | N | P20s K:0 
0 | 0 | 300 | 300 300 0 300 300 300 0 
1 150 | 300 | 300 300 150 300 300 300 150 
2 | 300 | 300 | 300 | 300 300 300 300 300 300 





The relative increase in yield from the nitrogen applied was not the same 
ior all experiments. The highest percentage responses to the nitrogen addi- 
tions were found in experiment 1, summer planting, plant crop (table 3). 
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Yields were more than doubled when nitrogen was added. Yet, on an actual 
yield basis of hundredweights of sugar, this crop was the poorest. The ra- 
toon crop of this experiment actually outyielded the plant crop by far. The 
summer planting had less rainfall than usual for its growth and a shorter 
growing period, whereas the ratoon had a longer growing season and a 
normal rainfall. 


Phosphorus 

There was no significant response in yield of sugar to phosphate fertilizers 
for the average of five crops for either variety (table 2). There was a sig- 
nificant increase in the plant crop of experiment 1 for M. 336, but for no 
other crop. Even for rates up to 300 pounds of P2O; per acre the general 
increase in yield of sugar per acre amounted to only 9 percent for B. 41227 
and 5 for M. 336 (table 3). 


Potassium 

When the average of all five crops was considered there was no great 
response to potash, as there was to nitrogen. M. 336 showed no significant 
responses to either of the potash levels used. It required 300 pounds of 
K,O per acre to produce a significant yield response in B. 41227 over its 
performance under the no-potash treatment (table 2). For B. 41227 the 
yield increase averaged only 4 percent for 150 pounds of KO per acre 
and 15 percent with 300 pounds (table 3). The use of 300 pounds of K,0 
per acre increased yields of M. 336 by 12 percent, but this was 3 hundred- 
weights per acre short of being significant (table 2). 

TONS OF CANE PER ACRE 

The response to the fertilizer treatments in tons of cane per acre followed 
very closely those obtained for sugar per acre. One hundred and fifty pounds 
per acre of nitrogen gave significantly increased yields of both varieties, 
but significant increases were obtained from an additional 150 pounds only 
with M. 336 (table 4). Phosphates produced no increase in cane tonnage 
of M. 336, except for the isolated case of the plant cane in experiment I. 
Three hundred pounds of K,O was needed to produce significant yield in- 
creases in B. 41227, but M. 336 showed no significant tonnage increase even 
from this amount. 

SUCROSE-PERCENT-CANE 

When we consider the average of the five crops, there was no significant 
influence on sucrose-percent-cane content for any fertilizer treatment (table 
5). However, there were some differences for the individual crops. Nitrogen 
increased sucrose-percent-cane values significantly for the plant crops of 








ee ee ee ee 





1 actual 
The ra- 
ar. The 
shorter 

and a 


rtilizers 
S a sig- 
for no 
general 
. 410977 


oO great 
nificant 
nds of 
over its 
227 the 
er acre 
of K,0 
indred- 


ollowed 
pounds 
irieties, 
ds only 
onnage 
ment I. 
jeld in- 
se even 


nificant 
(table 
‘itrogen 








rops of 





RESPONSE OF SUGARCANE TO FERTILIZERS 79 


B. 41227 in experiments | and 2. In no case was there any appreciable de- 
erease in sucrose for either variety when nitrogen was applied even up to 
300 pounds per acre. 

Both phosphate and potash fertilizers failed to increase sucrose-percent- 
eane values significantly. 


TaBLE 4.—The yields in tons of cane per acre produced by 2 cane varieties when grown 
at different Jertilizer levels, at Rio Piedras, 1954- 57 





Trea > yer acre a 
Treatments per acre Yields of cane per acre for — 


























or — 
Treat- | : Maas © an See | z Mean of all 
ment | Experiment | Experiment | Experiment |E xperiment 5 crops, 
No. | 1, summer | 1, summer fe 3, spring | 1954-57 
N P205 | KO planting, planting, | planting, | planting, | planting, | 
plant crop, ratoon, plant crop, ratoon, | plant crop, | 
1954-55 1955-56 1954-56 1956-57 1955-56 
B. 41227 
Lb. Lb. Lb. y ye | Z | F. | ae T. 
Bl 0 | 300 | 300 15.6 55.8 45.7 30.5 62.0 | 41.9 
B2 | 150 | 300 | 300 | 32.1 71.1 66.7 56.9 76.3 | 60.5 
B3 | 300; 0} 300 36.1 73.5 GE:7 | 82.2 | %2 59.6 
B4 | 300 | 150 | 300 35.9 67.1 63.2 oto | Fae | 59.3 
B5 | 300 | 300 0 32.0 63.6 63.9 51.2 | 67.3 | 55.6 
B6 | 300 | 300 | 150 37.1 72.4 67.5 56.8 | 67.1 | 60.2 
B7 | 300 | 300 | 300 36.7 74.5 71.6 60.5 73.2 | 63.3 
Mean of all 92:1 68.3 | 62.9 52.2 70.4 57.2 
treatments 
Least significant dif- | | | 
ference needed be- 
tween treatments | 
of same crop at: 
5-percent level BU 9.9 6.1 | 6.4 5.7 | 6.7 
l-percent level 5.0 13.4 | 8.2 | 8.7 | 4@.7 9.0 
M. 336 
| | 
Ml 0 300/300) 12.8 | 29.9 | 31.5 | 25.7 | 28.3 | 25.6 
M2 | 150 | 300} 300} 22.8 | 43.4 | 49.2 | 39.7 | 33.4 | 937.7 
M3 | 300 0 | 300 24.8 | 44.2 | 52.4 | 41.8 | 40.4 40.7 
M4 | 300 | 150 |} 300} 28.9 | 44.2 | 54.4 41.8 | 39.5 41.8 
M5 | 300 | 300 0} 28.4 | 39.7 62-4 | 43.) 34.3 39.6 
M6 | 300 | 300 | 150 28.6 | 43.6 55.5 | 46.2 | 39.1 42.6 
M7 | 300 | 300 | 300+ 29.6 | 43.3 57.3 | 47.6 | 39.1 43.4 
Mean of all | 25.1 | 41.2 | 50.4 | 40.8 | 36.3 38.8 
treatments | | | 
~ pal =—| a eee es 
Least significant dif- | | 
ference needed be-! 
tween treatments | 
of same crop at: | 
5-percent level 3.0 | 50 | 5.1 6.3 6.5 5.3 
I-percent level 4.1 | 6.8 | 6.8 8.4 | 8.8 7.2 
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TABLE 5.—The sucrose-percent-cane produced by 2 cane varieties when grown at 
different fertilizer levels, at Rio Piedras, 1954-57 






























































aaa heal ate Yield of sucrose-percent-cane for — 
| 
Treat- | l | | Mean of all 
ment |Experiment |Experiment | [Experiment "Experiment Experiment | 5 crops, 
No. | 1, summer | 1, summer | 2, fall fal 3, spring 1954-57 
N P20s | K2O planting, | planting, | planting, | BO planting, 
} plant crop,| ratoon, | plant crop, ratoon, plant crop, | 
1954-55 | 1955-56 1954-46 | 1956-57 1954-56 
B. 41227 
i) rar | Percent | Percent | Percent | Percent | Percent | Percent 
Bl 0 | 300 | 300 | 12.76 11.64 | 9.84 | 10.78 | 11.39 | 11.28 
B2 | 150 | 300 | 300 | 13.70 LOO! | Reo | 10.53 | 11.76 11.81 
B3 | 300 | 0 | 300 | 13.80 12.15 | 11.22 | 11.60 11.93 12.14 
B4 | 300 | 150 | 300; 14.43 11.83 10.78 | 10.76 | 11.75 11.90 
B5 | 300 | 300; 0 | 14.45 11.80 10.99 | 11.08 | 11.54 11.97 
B6 | = 300 | 150 14.20 11.74 10.17 | 9.92 11.50 11.51 
B7 00 | 300 | 300 | 13.82 11.53 11.67 | 10.65 | 12.05 11.94 
Sion of all | | 
treatments | 13.88 11.80 10.83 | 10.76 | 11.70 11.79 
isi ist err dif- | | | 
ference needed be-| 
tween treatments | | 
of same crop at: | 
5-percent level 0°66 | 0:78 | 0:97 1.19 | 0.88 0.92 
1-percent level | 89 | 1.05 | 1.30 | 1.60 | 1.18 1.22 
M. 336 
M1 | 0 | 300 | | 300 | 14.69 13.69 | 12.14 13.01 12.87 13.28 
M2 | 150 | 300 | | 300 15.35 13.49 | 12.95 | 12.33 | 13.34 13.49 
M3 | 300 | 0 | 300 | 15.24 13.89 | 12.75 | 12.23 | 13.42 | 138.51 
M4 | 300 | 150 | 300 15.09 13.61 | 12.27 | 12.51 13.02 | 13.30 
M5 300 | 300 | O | 15.11 13.18 12.19 | 11.99 | 12.87 | 13.07 
M6 | 300 | 3 300 | 150} 15.01 13.50 11.82 12:33 | 13.27 | 13.19 
M7 | 300 | 300 | 300 15.54 13.51 | 12.45 12.23 | 13.40 | 13.43 
Mean of all 15.15 | 13.55 | 12.37 | 12.38 | 13.17 | 13.32 
treatments | | 
has ast euiieus dif- | | | | | 
ference needed be-) | 
tween treatments | 
of same crop at: | | | 
5-percent level 0.77 0.58 0.83 | 0.57 | 0.60 | 0.68 
1-percent level 1.04 78 | 1.12 | 76 | .81 | 92 








AGE OF CROP 
Because the various plantings used differed in the number of months the 
cane was allowed to grow, the mean yield values for the various exper! 
ments were recalculated on a yearly basis and the results are given in table 
6. 
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The plant crop of the spring planting and the ratoon crop of the summer 
planting gave the best yields for B. 41227. The summer planting gave low 
yields. The spring planting outyielded the fall planting for this variety, 
but the reverse was true for M. 336. M. 336 also did better in the summer 
planting, the plant crop yielding about the same as the spring planting. 


TaBLE 6.—The mean yields of 96° available sugar, tons of cane, and sucrose-percent- 
cane on an annual basis for the experiments with 2 cane varieties, at Rio Piedras, 
1954-57 





| 
Experiment 1, | Experiment 1, | Experiment 2, | Experiment 2, | Experimen t 3, 





























| s * ; i 
Item | planting, | planting, | ‘af, pranting, | fall planting, planting, 
| Pisses” | 1955-36 1954-56 | agai Pm1955-56" 
B. 41227 
Hundredweights of | 102 | 150 118 110 150 
sugar per acre | 
Tons of cane per acre | 36.0 63.5 54.0 51.4 53.5 
Sucrose-percent-cane | 13.88 11.80 10.83 10.76 11.70 
! 
M. 336 
Hundredweights of | 86 104 106 100 87 
sugar per acre 
Tons of cane per acre | 28.2 38.2 43.2 40.2 33.1 
Sucrose-percent-cane | 15.15 13.55 12.37 12.38 13.17 





FOLIAR DIAGNOSIS 


The nutrient content of the sugarcane leaf blades, the moisture content 
of the sheath, and the relative yields of 96° available sugar per acre for the 
mean of the five crops are given in table 7. 

The yield data were converted from tons of 96° available sugar to per- 
centage relative yields of 96° available sugar per acre, so that the plant- 
crop and ratoon data could be properly combined, and comparisons could 
be made between varieties and various locations where other experiments 
have been performed. The relative yield was defined for this purpose as 
the percentage which the actual yield of sugar was of the yield obtained 
with the heaviest application of fertilizer. Before changing the actual to 
relative yields, however, all yield values for a given crop were fitted to a 
Mitscherlich equation for maximum yields (2), to determine whether the 
yields obtained for the heaviest fertilizer applications approached the the- 
oretical maxima obtainable under the experimental conditions. If the max- 
imum yield obtained from the Mitscherlich equation exceeded the actual 
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yields of sugar under the heaviest fertilizer application by 0.1 ton per acre, 
it was used as a base in calculating relative yields. 

The relative yields for each (table 7), caleulated from the actual data, 
showed little difference from yields calculated using the Mitscherlich max- 
imum—see table 7 wherein relative yield data are in parentheses. This im- 
plies that the fertilizer rates used in the experiment were sufficiently high 


TABLE 7.—The nutrient content of sugarcane leaf blades, sheath moistures, and relative 
yields of 96° available sugar per acre (percent) for the mean of 5 crops of 2 cane 
varieties grown at different fertilizer levels at Rio Piedras, 1954-57 





f Moisture content of leaf | 


Nutrient content of lea sheath, green-weight | Relative yield? of 96° available sugar 

















Cone verety p maple ar ath guia basis, a | for treatments with — 
evel! — —— ————— $$$ eee 
N P K N P K | N | P | kK 
B. 41227: | | | 
0 1.28 | 0.16 | 0.67 | 81.2 | 83.5 | 82.7 | 61 (60) | 95 | 86 (83) 
1 1.63 | .20 | 1.10 | 83.7 | 84.5 | 83.8 | 88 (90) | 93 | 90 (87) 
2 1.73 .21 | 1.40 | 83.7 | 84.0 | 84.0 | 100 (97) | 100 | 100 (98) 
M. 336: | | 
0 1.40 AAG .76 | 83.1 | 84.7 | 838.3 | 58 (56) | 95 | 89 (85) 
1 | 1.72| .19 | 1.40 | 85.0 | 84.9 | 84.5 | 87 (82) | 96 | 97 (92) 
2 1.81 .21 | 1.72 | 85.1 | 85.4 | 85.4 | 100 (93) | 100 | 100 (96) 

















1 The following quantities of fertilizer in pounds per acre were used for the indi- 


cated units: 





Phosphorus treatments | Potassium treatments 











300 | 150 | 300 | 300 | 300 | 150 
300 300 | 300 | 300 | 300 300 


0 | | 
1 | 150 | 300 | 300 
2 | 300 | 300 | 300 


| Nitrogen treatments | | 
Fertilizer | peas _—— itRLirGe deere 
units | | | 
| oN | Ps | Kx0 | N | P20s | K:0 | N | POs K.0 
| | | | 
ana | anne aa nasi Kew 
/ 0 | 300 | 300 | 300 o | 300 | 30 | 300 | 0 
| 
| 





2 Numbers in parentheses refer to the relative yield recalculated using the maxi- 
mum yield obtained with the Mitscherlich equation (2) as a base of 100. 


to provide optimum yields in the Vega Baja silty clay. The relative yields 
for M. 336 were slightly lower than for B. 41227, when calculated under the 
Mitscherlich maximum, indicating that higher rates of nitrogen could have 
raised yields of sugar per acre even more for this variety. 

The relationship between the nutrient content of the leaf and the relative 
yield of sugar per acre will be discussed for each fertilizer element separately. 


Nitrogen 


There was a highly significant linear correlation between leaf-nitrogen 
values and relative yields of sugar for both varieties. The equations ob- 
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tained were: 


Prediction 
value, 
Variety Equations percent 
B. 41227 Yr = 70.37 Xn — 26.6 70 
M. 336 Yr = 76.36 Xn — 49.1 79 


where Yr = relative yield of available 96° sugar per acre and Xn = per- 
cent-leaf-nitrogen content on a dry-weight basis. The prediction values 
indicate what percentage of the variation in yield might be explained by the 
variation in leaf-nitrogen values. As cited, the prediction values indicate 
that 70 percent of the yield variation for B. 41227 was explained by the 
accompanying variation in its leaf-nitrogen values; for M. 336 it was 79 
percent. Both values are high, indicating that the leaf-nitrogen value was a 
dominant factor in predicting sugar yield per acre. 

The correlation between leaf nitrogen and sugar yields were also tested 
using the are-tangent equation of Capé (3). The equations obtained were: 


Prediction 
value, 
Variety Equations percent 
B. 41227 Yr = 4.06 are-tan N — a 5 75 
M. 336 Yr = 3.60 are-tan N — 132.7 75 
where Yr = relative yields of sugar per acre and are-tan N = the are- 


tangent value corresponding to the percent-leaf-nitrogen. 

No significant change in the prediction values was obtained with the 
are-tangent equation as compared to the linear equation using leaf nitro- 
gen. However, this could be explained by the fact that the portion of the 
are-tangent curve covered by the range of leaf-nitrogen values in the ex- 
periment were small and could be satisfactorily approximated by a straight- 
line or linear relationship. 

There was a difference in sheath moisture content due to varieties— 
M. 336 being higher than B. 41227—and for nitrogen application—lower 
values being associ: ated with no- nitrogen applications. Clements (7), Hum- 
bert and Howe (9), and Samuels, et al. (12) have shown that leaf nitrogen 
decreases as sheath moisture decreases. 

To correct for the variation in moisture all leaf-nitrogen values were ad- 
justed, using 83-percent sheath moisture as a standard. For every 1-percent 
change in sheath moisture a change of 0.061 percent-leaf-nitrogen was cal- 
culated. This value of 0.061 obtained from recent experimental work com- 
pared very closely to the value of 0.059 obtained by Clements for unirri- 
gated cane in Hawaii. 
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The leaf-nitrogen values corrected for moisture variation in the sheath 
are given in table 8. Almost identical leaf values were obtained for both 
varieties when corrected for sheath moisture. The corrected leaf-nitrogen 
values were once again correlated with relative yields. The resulting equa- 
tions were: 


Prediction 
value, 
Variety Equations percent 
B. 41227 Yr = 79.16 Xn — 41.0 80 
M. 336 Yr = 70.10 Xn — 35.3 55 


There was a gain of 10 percent in the prediction value for B. 41227, but 
a drop of 20 percent for M. 336 when the leaf-nitrogen values were cor- 
rected for moisture. A check of the individual moisture values for M. 336 
revealed a high variability in the sheath-moisture values, with many run- 
ning up to 88 percent—values never obtained heretofore with cane in the 
humid cane-growing area of Puerto Rico. 

It is interesting to compare the leaf-nitrogen values now obtained for 
B. 41227 and M. 336 with those obtained 10 years ago by Capo on the very 
same Vega Baja silty clay with such sugarcane varieties as P.R. 903, PR. 
904, M. 275, and P.O.J. 2878. The linear equations and the leaf values for 
nitrogen associated with various relative yields of the varieties just men- 
tioned are given in table 9. There are many similarities in the levels 
of leaf nitrogen for all the varieties. B. 41227 has values close to those for 
P.R. 903, P.R. 904, and M. 275. P.O.J. 2878, leaf nitrogen very slowly de- 
creased with relative yield. M. 336 started out with a high level for nitro- 
gen at 100-percent relative yield, but dropped rapidly to values compar- 
able to the others at 70-percent relative yield. 


Phosphorus 


No significant correlation was obtained between leaf-phosphorus values 
and relative yields of 96° sugar per acre, using either a linear or an are- 
tangent equation. Although there were definite increases in leaf phosphorus 
with increasing phosphate applications (table 7), there were no accompany- 
ing significant increases in yields of sugar per acre from these phosphate 
applications. 

Cap6, et al. (11) on the Vega Baja silty clay obtained no significant 
yield responses to phosphates, and probably because of this, no correlation 
could be established between leaf-phosphorus value and relative yield of 
cane growing in this soil. 
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Potassium 

The linear correlation between leaf-potassium values and relative yields 
of 96° available sugar for the mean of the five crops was not significant for 
B. 41227, and was just barely significant at the 5-percent level for M. 336. 


TaBLE 8.—Leaf-nitrogen values (percent) before and after correction for sheath moisture, 
for 2 cane varieties grown at Rio Piedras, 1954-57, as affected by fertilizer levels 





| 
Uncorrected for sheath moisture | Corrected for sheath moisture 
| 


Cane variety and fertilizer §|——H+~__ — 
lev 





Leaf nitrogen, Sheath moisture, Leaf-nitrogen, | Sheath moisture, 
dry-weight basis green-weight basis | dry-weight basis | green-weight basis 


B. 41227: 
0 | 1.28 | 81. 





2 1.39 83.0 
1 | 1.63 | 83.7 | 1.59 83.0 
2 1.73 | 83.7 1.69 83.0 
M. 336: | | | 
0 | eo | 1.39 | 83.0 
1 1.72 | 85.0 1.60 | 83.0 
2 1 | 85.1 1.69 | 


81 


1See footnote 1 of table 7. 


TaBLE 9.—Leaf-nitrogen values (percent) associated with various relative yields of 96° 
sugar per acre for several sugarcane varieties! 


Leaf-nitrogen value needed for a relative yield of — 





Variety ————— $$$ 
100 90 | 80 | 70 60 | 50 
— | —| a ies | een] ee ey pee oe 
| | | 
PR. 903 | 1.68 | 1.60 | 1.52 | 144 | 1.36 | 1.28 
P.R. 904 } 1.84 | 1.73 | 1.62 | 1.51 | 1.40 | 1.29 
M. 275 | 1.75 | 1.66 | 1.57 | 1.48 | 1.39 | 1.30 
P.0.J. 2878 | 1.78 | 1.72 | 1.66 | 1.60 | 1.54 | 1.48 
M. 336 } 1.93 | 1.79 | 1.65 | 1.41 | 1.27 1.13 
B, 41227 | 1.78 | 1.66 1.54 1.42 | 1.30 | 1.18 
| 
| Ty, a _ Sc | an re: hae, a a Pa + a 
Average 1.80 | 1.69 1.59 | 1.48 | | 


The prediction values for the varieties were 11 percent for B. 41227 and 
26 for M. 336. 

The reason for this poor correlation between leaf potassium and relative 
yields of 96° sugar may be that the response of the leaf potassium to pot- 
ash applications was great; yet where yields of sugar were concerned, the 
response was moderate to poor and irregular. Where no potash was applied, 
leaf-potassium values were 0.67 and 0.76 percent for the two varieties. 
These leaf-potassium values are lower than any the authors have encoun- 
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tered before. Yet, despite these extremely low leaf-potassium values, rela- 
tive yields of sugar per acre were not severely depressed. Sheath-moisture 
values were normal to high, indicating that the roots were functioning nor 
mally. It appears that at 3 months of age, the soil potassium was not read- 
ily available to the cane, as indicated by the leaf values. However, during 
the ensuing period of growth of about 9 months, sufficient potash seems to 
become available to the cane to satisfy a major part of its needs. The rel:.- 
tionship between leaf potassium and relative yields of sugar have not been 
well-defined for the Vega Baja silty clay. 


SUMMARY 

A series of foliar-diagnosis-fertilizer experiments with five crops of two 
sugarcane varieties, B. 41227 and M. 336, were made on a Vega Baja silty 
clay at Rio Piedras. The experimental results may be summarized as fol- 
lows: 

1. In all experiments B. 41227 outyielded M. 336 in available 96° sugar 
per acre. 

2. There was a significant increase in yield of sugar per acre from the 
use of nitrogen fertilizer at the rate of 150 pounds of nitrogen per acre, and 
in some cases from 300 pounds of nitrogen per acre. 

3. There was no significant response in yield of sugar per acre from the 
use of phosphate fertilizers, except for the plant cane of a summer planting 
of M. 336. 

4. Response in yields of sugar per acre to potash fertilizers was erratic 
and limited to B. 41227. 


5. The response to the fertilizer treatments in tons of cane per acre fol- 


lowed very closely that obtained for sugar per acre. 

6. For the average of the five crops, there was no significant influence 
on sucrose-percent-cane content for any of the fertilizer treatments. 

7. When allowances were made for the age of the crop, it was found that 
the plant crop of the spring planting and the ratoon crop of the summer 
planting of B. 41227 were tied as the highest yielders of sugar per acre. 
For M. 336, the plant crop of the fall planting was highest. 

8. There was a highly significant linear correlation between relative 
yields of sugar and percent-leaf-nitrogen for both sugareane varieties. 

9. No significant correlation was obtained for relative yields of sugar and 
leaf-phosphorus values. 

10. The relationship between relative yield of sugar per acre and leaf- 
potassium values was not too clear. Linear-correlation studies showed none 
to little significance for the varieties. 

11. Some comparisons are given with leaf-nitrogen values obtained 10 years 
ago by Capé, using varieties P.R. 903, P.R. 904, M. 275, and P.O.J. 2878. 
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RESUMEN 


Una serie de experimentos sobre diagnéstico foliar y abonamiento se 


jlevé a cabo con cafa de azticar en un suelo del tipo Vega Baja limo arci- 


lloso en Rio Piedras. Los resultados experimentales pueden resumirse como 
sigue : 

1. En todos los experimentos, la variedad B. 41227 rindié mas que la 
M. 336 en cuanto a azticar 96° por acre. 

2. Hubo un aumento significativo en rendimiento de azticar por acre 
cuando se aplicé nitrégeno a razén de 150 libras por acre, y en algunos 
casos hasta 300 libras. 

3. No hubo aumento significativo en el rendimiento de azticar por acre 
del uso de abonos fosfatados con excepcién de una siembra de plantilla 
primavera hecha con M. 336. 

4. Los resultados fueron errdticos en cuanto al rendimiento de azticar 
por acre cuando se aplicaron abonos fosfatados, y se limitaron sdlo a la B. 
41227. 

5. La reaccién a los tratamientos en cuanto al tonelaje de caiia por acre, 
siguid muy de cerca a la que se obtuvo en cuanto al rendimiento de azticar 
por acre. 

6. Para el promedio de 5 cosechas, no hubo influencia significativa en 
cuanto al porcentaje de sacarosa en la caiia en ninguno de los tratamientos 
con abono. 

7. Cuando se tomo en cuanta la edad de la cosecha, se encontré que en 
cuanto a la B. 41227, la plantilla de primavera y el retofo de verano estu- 
vieron a la par en lo que se refiere a los mas altos rendimientos de azticar 
por acre. En cuanto a la M. 336 fué la siembra de otofio la que produjo los 
mayores rendimientos. 

8. Hubo una correlacidén lineal muy alta entre los rendimientos relativos 
de azticar y el porcentaje de nitrégeno en la hoja en ambas variedades de 
caha (B. 41227 y M. 336). 

9. No se obtuvo correlacién significativa para los rendimientos relativos 
de azticar y para los valores de fdésforo en la hoja. 

10. La relacién entre el rendimiento relativo de azticar por acre y los 
valores de potasio en la hoja no aparecieron muy claros. Los estudios de 
correlacién lineal no demostraron gran significancia en cuanto a las varie- 


dades. 
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The Response of Cotton to Fertilizers in 
Puerto Rico 


G. Samuels, J. P. Rodriguez, and P. Landrau, Jr.! 


INTRODUCTION 


Cotton was cultivated in Puerto Rico even before the landing of Colum- 
bus in the West Indies, but it was not until 1776 that the growers showed 
interest in large-scale production of this textile. Following this, cotton took 
an important place among the crops of economic value under cultivation 
in Puerto Rico. Interest in this commodity has grown and waned in the 
last 25 years to such extent that the production was as high 42,044 hun- 
dredweights in 1942 (8)? and as low as 664 hundredweights in 1957 (1). 

The major cotton-growing area is in the northwestern part of Puerto 
tico with its center in Isabela. Other important centers in this area are 
Quebradillas, Camuy, and Hatillo. The southwestern part of the Island 
produces only a limited amount of the total cotton, in the municipalities 
of Cabo Rojo, Lajas, and Sabana Grande. Individual cotton plantings are 
small, the average field being about 2 acres. Most of the work is done by 
hand, usually by the farmer and his family. Fertilizer accounts for most 
of the cash outlay, if and when it is used. 

Very little research has been published concerning cotton fertilizers for 
Puerto Rico. 

Chardon, in 1929-30 (4), recommended that, for the Isabela area, a fer- 
tilizer higher in potash, such as the 8-12-12, should be substituted for the 
then popular 5-9-5. Capo (2) reported response of Sea Island cotton (Mont- 
serrat variety) to 82 pounds of nitrogen per acre, but no response to addi- 
tional nitrogen, or to applications of phosphorus or potash, when grown in 
Coto clay at Mantilla Farm, Isabela. 

OBJECTIVE 

Experiments have been conducted by the Agricultural Experiment Sta- 
tion of the University of Puerto Rico to determine whether fertilizers 
would benefit cotton growers by increasing yields. The technique of foliar 
diagnosis was also tried for cotton to determine whether it would reveal 
the fertilizer requirements of the cotton crop. This paper reports the re- 
sults of these experiments. 

'Agronomist, Agronomist, and former Associate Agronomist, respectively, Agri- 
cultural Experiment Station, University of Puerto Rico, Rfo Piedras, P.R. 

* Italie numbers in parentheses refer to Literature Cited, p. 101-2. 
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SOILS AND PROCEDURES 

There were six fertilizer experiments in all—two at Isabela, two at 
Aguirre, and two at Lajas. 

One experiment at Isabela was conducted at the Mantilla Farm, Are- 
nales, on a Coto clay (2). The Coto clay is a permeable yellowish-colored 
clay derived from Tertiary limestone, and its pH ranges normally from 5.5 
to 6.5. A paired-plot design was used in the experiment, replicated seven 
times. The plot size was 27 by 30 feet, each consisting of nine rows 3 feet 
apart with 30 inches between plants in the row. The experiment was planted 
with Sea Island cotton (Montserrat variety) on March 18, 1943, and har- 
vested from August 10, 1943 to September 10, 1943. 

The other experiment at Isabela was conducted at the farm of Don Juan 
Abreu at Bejucos where the soil was a Guayabo fine sand. Guayabo fine 
sand is characterized by a deep layer of grayish-brown fine sand overlying 
a mottled compact stiff subsoil. It occurs in undulating or rolling areas in 
the vicinity of Isabela. This soil is within the Isabela irrigation project, 
but it is so sandy that very few areas are irrigated. A triple-lattice design 
was used in the experiment, replicated six times with major- and minor- 
element treatments. The plot size was 18 by 24 feet each, consisting of six 
rows 4 feet apart with 30 inches between plants in the row. The experiment 
was planted with Sea Island cotton on October 12, 1950, and harvested 
from March 8 to April 19, 1951. 

At Aguirre, the experiment at Colonia Florida, Central Cortada, was 
located on a Santa Isabel silty clay loam. This soil occurs on the nearly 
level well-drained alluvial fans and in terracelike positions along the semi- 
arid southern coast. The Santa Isabel silty clay loam is characterized by 
an alkaline friable light-brown silty clay loam with a subsoil that is a very 
heavy compact brown calcareous plastic clay. Nearly all of the land is used 
for the production of sugarcane, except in places where salt content of the 
surface soil is greater than 0.2 percent. The experimental design used was 
a simple randomized-block one having four replications. The plot size was 
23 by 3 feet with seven rows 41 inches apart and 36 inches long. The ex- 
periment was fertilized on August 5, 1952, planted with Sea Island cotton 
the next day, and harvested from January 3 to March 19, 1953. 

The Colonia Fortuna, Aguirre, experiment was made on an Altura loam. 
This soil is developed from alluvial material that has been washed from 
the steep hills of the southern side of the Cordillera Central. It occurs in 
several areas near the foothills between Guayama and Juana Diaz. It is one 
of the most productive soils in the Island, and nearly the entire area is 
planted to sugarcane where irrigation is possible. The experimental design 
and plot size used were the same as for the Colonia Florida experiment, 

except that there were nine replications. Fertilizer was applied on August 17, 
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1952, the field was planted to the Sealand variety of cotton 3 days later, 
and was harvested from December 12, 1953 to February 20, 1954. 

The two experiments at the Lajas Substation were performed on a Santa 
Isabel clay. This soil is characterized by an alkaline granular heavy-clay 
surface soil about 1 foot thick. The soil is plastic and sticky when wet and 
ranges in color from a light brown to a very dark brown or nearly black, 
depending on rainfall. Nearly the entire area of this soil that is irrigated 
and does not contain harmful soluble salts is used for sugarcane. 

The fertilizer-variety experiment was a split-plot in design with five cot- 
ton varieties on the main plots and four fertilizer levels on the subplots. 
The main plots, which were replicated five times, were 32 by 60 feet, di- 
vided into four subplots 16 by 30 feet each. The subplot consisted of four 
rows 48 inches apart and 30 feet long, with distances of 24 inches between 
plants in the row. The experiment was planted September 21, 1953 and 
harvested from February 8 to June 23, 1954. 

The fertilizer-planting-distance experiment was also in split-plot design 
with four planting distances on the main plots and eight fertilizer levels on 
the subplots. The main plots which were replicated four times, were 64 by 
14 feet. The subplot size was 14 by 14 feet, with four rows 42 inches apart. 
The experiment was planted with Sea Island cotton on July 1, 1955, and 
harvested from December 15, 1955 to March 12, 1956. 

All experiments, except the one on Guayabo fine sand at Isabela, re- 
ceived supplemental irrigation when needed. The fertilizers for all experi- 
ments, except the two at Aguirre, were applied at the time of the thinning 
of the cotton plants—approximately 2 weeks after planting. The source of 
nitrogen used was ammonium sulfate (20-percent N); of phosphorus, super- 
phosphate (20-percent P2O5); and of potash, potassium chloride (60-percent 
K,0). 

To insure a good stand of cotton in the experiments performed since 
1951 Aldrin (25-percent) was applied to the soil at the rate of 1 gallon per 
acre before planting for control of soil insects such as mole crickets (Scap- 
teriscus vicinus Scudder), white grubs (Phyllophaga spp.), and cutworms. 
The cotton plants in the experiments were sprayed every 15 days with 
DDT at the rate of 4 pounds per 100 gallons of water, to check the develop- 
ment of pink bollworms (Pectinophora gossypiella Saunders). At Aguirre, 
BHC was added to the DDT spray to check the cotton aphids, and at the 
Lajas Substation two sprays with Chlordane at the rate of 1 quart per acre 
were made to check the cotton leaf worms (Alabama argillacea Hubner). 
Unfortunately, such chemical control measures for the pink bollworm and 
other insects attacking cotton were not available in Puerto Rico before 
1950-51, when the two Isabela experiments were performed, and large re- 
ductions in yields occurred because of insect damage. 
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Leaf samples of the cotton leaves were taken from the Aguirre and Lajas 
experiments. The leaves from the third and fourth nodes from the apex of 
the main stem were used. Three plants were sampled per row or, usually, 
12 plants per plot. The leaf samples were taken in the morning before 9 a.m. 
The leaf blade was separated from the petiole. The cotton leaves were dried 
at 75°C. for 12 hours then ground in a Wiley mill. The analyses for nitro- 
gen, phosphorus, and potassium were performed by the Central Analytical 
Laboratory of the Experiment Station, using methods described in an 
earlier publication (3). 


TaBLE 1.—Jnfluence of fertilizers on Sea Island cotton 
yields at Isabela on a Coto clay, 1943 























Treatment per acre with — 
Treatment No. —_—| Mean <p sh 

N P205 K20 | 

Lb. Lb. Lb. | Cut. 
1 0 0 0 | 5.14 
2 0 200 200 | 5.11 
3 100 200 200 | 7.33 
4 200 0 200 6.54 
5 200 100 200 | 6.73 
6 200 =| ~— 200 0 | 7.40 
7 20 | 200 100 | 7.53 
8 200 =| = 200 200 | 7.34 





Least significant differences needed between treatment means 
for: 
5-percent level 
1-percent level 
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RESULTS 


FERTILIZER EXPERIMENTS 


Because the fertilizer experiments covered different areas of the Island 
and involved more than one soil series, the results will be presented by soils. 


Coto clay 


The only significant response on Coto clay was to 82 pounds of nitrogen 
per acre (table 1). There were no significant responses to phosphates nor 
potash. The Coto clay has shown responses, in yields of sugarcane (4) and 
tomatoes (5), to phosphates and nitrogen and, for pineapples (8), to nitro- 
gen and potash. 
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Guayabo fine sand 


Although the Guayabo fine-sand experiment suffered from a severe attack 
of pink bollworm, the yield data still indicated a response to various fer- 
tilizer treatments. There was a significant response to phosphate and potash 
fertilizers, but not to nitrogen (table 2). The addition of 100 pounds each 


TaBLE 2.—Influence of fertilizers on Sea Island cotton yields at Isabela on a Guayabo 
fine sand, 1951-52 





























Treatment per acre with — Minor elements 

: Mean yields of 
er oe, seed cotton per 

N | P20s | K:0 Compounds used -— — i 

| Lb. Lb. Lb. Lb. Cut. 

1 0 0 0 — — 1.4 

2 | 0 200 200 — — 4.7 

3 | 82 200 200 — —_ 4.9 

4 165 0 200 _— — 3.0 

5 165 100 200 — — 4.3 

6 165 200 0 — — 2.9 

(i 165 200 100 — _ 5.0 

8 | 165 200 200 | — — 4.6 

9 165 200 200 | Copper sulfate 100 4.1 

10 =| 165 | 200 | 200 | Magnesium oxide 1,000 4.6 

11 | 165 200 200 Magnesium sulfate 300 5.0 

12 | 165 | 200 200 do. 100 5.0 

13 | 165 200 200 Zinc sulfate 45 4.6 

14 =| 165 | 200 | 200 | Borax 25 4.8 

15 | 165 200 200 do. 50 4.0 

16 165 | 200 | 200 | Boric acid 3.1 

Least significant difference needed between treatment means for: 
5-percent level 1.31 
1-percent level 1.75 








1 Seed were pretreated by soaking for 24 hours at room temperature in a 0.4-percent 
solution of boric acid (H;BO3) before planting. 


of phosphate (P05) and potash (K,O) per acre gave an increase of two- 
thirds more seed cotton than when these fertilizer materials were omitted. 
Nitrogen, whether as ammonium sulfate, or sodium nitrate, did not increase 
yields. Work by Chardén (4), in 1929-30, on the very same Guayabo fine 
sand showed large responses to phosphate and potash with little response 
to nitrogen. Yields were highest where 800 pounds per acre of a 8-12-12 
mixed fertilizer were applied. Similar responses of cotton to phosphates 
and potash were also obtained with a Sabana Seca sandy loam at Isabela by 
Chardén (4). 
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The results of the experiments conducted to date on the Guayabo fine 
sand indicate that higher levels of phosphate and potash are needed than 
of nitrogen. The use of about 1,000 pounds of a 5-10-10 per acre is prefer- 
able for this soil. 

There were no significant responses in cotton yields to any of the minor- 
element treatments used on the Guayabo fine sand. These treatments in- 
cluded such minor elements as copper, magnesium, manganese, zinc, and 
boron (table 1). 


TaBLE 3.—The influence of fertilizers on the yields of Sealand cotton at 
Aguirre on an Altura loam, 1953-54 


Treatment per acre with — ; 
Mean yields of seed cotton 








Treatment No. ee = per acre 

| N P205 K:0 
| 
| Lb. Lb. | Lb. Cut. 

1 0 0 | 0 15.7 

2 0 50 75 | 15.3 

3 100 50 75 19.5 

4 200 | 0 | 75 19.7 

5 | 200 | 50 0 19.8 


6 | 200 50 | 75 21.5 


Least significant differences needed between treatment means | 


for: 
5-percent level 2:51 


1-percent level 3.39 


Altura loam 


The only significant response obtained on Altura loam was to nitrogen ap- 
plications of 100 pounds per acre (table 3). Results from the use of 200 pounds 
per acre of nitrogen as compared to 100 (table 3, treatment 3 vs. treatment 
6) were not significant. There were no responses to phosphates at 50 pounds 
of P.O; per acre nor potash at 75 pounds of K,O per acre. The cotton vari- 
ety planted here was Sealand instead of the more commonly planted Mont- 
serrat Sea Island. 


Santa Isabel silty clay loam 


There were no responses to nitrogen, phosphates, nor potash fertilizer by 
cotton growing in Santa Isabel silty clay loam. Nitrogen was applied at 
rates up to 200 pounds of N per acre, phosphates and potash up to 100 
pounds of P.O; and KO per acre, respectively. Yields of seed cotton aver- 
aged 23 hundredweights per acre for all treatments. The variety planted 
here was Sea Island. 
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RESPONSE OF COTTON 





TO FERTILIZERS 


Santa Isabel clay 


There was a response to nitrogen for both experiments performed on 
Santa Isabel clay. In the variety experiment (table 4), the mean of the five 
varieties tested showed a significant response to nitrogen. There was a dif- 
ference in the intensity of response between the various varieties. Sealand 
showed a large response to nitrogen applications with an increase of 8.4 
hundredweights, or 44 percent, compared with the no-nitrogen application 
(table 4). However, the other varieties failed to show such marked response 


TaB_E 4.—The yields of 5 cotton varieties grown at different fertilizer levels on a Santa 
Isabel clay at the Lajas Substation, 1953-54 


l 
| Treatment per acre with — | 





Mean yields of indicated cotton variety per acre 
































Treatment No. F P ‘ Means 
r zo Sea . oast- l 
| N P05 K:0 Talend Pima land Sealand | Amsak me... Ae 
| Lb. Lb. Lb. Cut. Cut. Cut. Cut. Cut. Cwt. 
1 0 200 200 | 16.0 9.0 | 12.0 | 19.1 9.4 | 13.9 
2 | 200 0 200 | 16.9 7.3 12.1 | 23.0 9.8 | 13.8 
3 | 200 200 0 | 18.3 8.8 | 14.5 | 25.3 | 10.6 | 15.5 
4 | 200 200 200 | 18.7 10.4 14.2 | 27.5 | 12.2 | 16.6 
Variety means! 17.5 8.9 | 138.2 | 23.7 | 10.5 — 
Least significant difference needed 
between treatment means for: | 
5-percent level | 2.94] 2.94] 2.94] 2.94] 2.94] 1.32 
1-percent level | 3.92 | 3.92 | 3.92] 3.92 | 3.92] 1.76 














Least significant difference needed between varieties for 5-percent level 2.07 and 
1-percent level 2.85. 





to nitrogen. Amsak gave a 30-percent increase in yield when nitrogen was 
applied and the remaining three varieties a 17-percent increase. 

The response to nitrogen was high for the fertilizer-spacing experiment, 
amounting to 5 hundredweights of seed cotton, or an increase of 38 percent 
(table 5, treatment 2 vs. treatment 8). This response to nitrogen was greater 
for the Sea Island cotton in this experiment than in the variety-fertilizer 
experiment (table 4). 

Only in the variety experiment did the application of phosphate ferti- 
lizers boost cotton yields (table 4). In fact, the increases attributable to 
phosphates averaged the same as those from nitrogen. Once again, there 
was a difference in varietal response to phosphate applications. Pima re- 
sponded most to phosphate, with a 43-percent yield increase, while the re- 
maining four varieties averaged a 17-percent increase. Sea Island cotton, 
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which failed to register a significant increase in yield for phosphorus fer- 
tilizers (table 4), also failed to respond in the fertilizer planting-distance 
experiment (table 5). 

There was no significant response to potash fertilizers for any of the va- 
rieties tested, nor for any of the planting distances used. 

There were no significant increases in yields of cotton at any of the four 
planting distances used: 12, 18, 24, and 30 inches between plants. Neither 
were there any interactions of planting distances with fertilizers in the fer- 


TaBLE 5.—The influence of fertilizers and planting distance! on cotton yields, on a 
Santa Isabel clay, at Lajas Substation, 1955-56 





























Treatment per acre with — , 
Greatment (No. ____|Mean ~—<o cotton 

N P205 K:0 

Lb. Lb. Lb. Cut. 
1 0 0 0 13.3 
2 0 100 100 13.4 
3 50 100 100 16.7 
4 100 0 100 18.2 
5 100 50 100 18.3 
6 100 100 0 18.6 
7 100 100 50 18.6 
8 100 100 100 18.3 





Least significant difference needed between treatment means 
for: 
5-percent level 
1-percent level | 


1.69 
2.24 





1 Data not shown; see text p. 96, above and below table 5. 


tilizer-planting-distance experiment. Therefore, the data for this portion of 
the experiment are not presented in table 5. 

Fertilizer demands appeared to be highest for nitrogen and phosphorus, 
with no response to potash in the Santa Isabel clay. The intensity of these 
needs seemed to vary somewhat with the cotton variety planted. 


FOLIAR DIAGNOSIS 


The results obtained from leaf sampling of the cotton, although not con- 
clusive, were of sufficient value to indicate that foliar diagnosis may be 
helpful in determining the fertilizer requirements of cotton. 

arly in the sampling it was found that leaf-blade samples were higher 
in both nitrogen and phosphorus than the petiole. Leaf petioles were higher 
in potassium, but even here the range of potassium encountered in the 
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leaf blade was ample. Therefore, leaf-blade tissue was utilized for all sub- 
sequent leaf samples. The values obtained for the leaf blade and petiole 
are given in table 6. 

When to take leaf samples for the best indication of the plant’s fertility 
is an important question. It is complicated by its value for practical use. 
In other words, if the best time for indication of the crop’s fertilizer needs 
is near harvesttime, the results obtained are of little or no practical use for 
the crop sampled. Early leaf sampling is needed for such a rapid-growing 
and short-lived crop as cotton, otherwise the results obtained could not be 
translated into corrective fertilizer applications in time. 

From results obtained from the Altura loam at Aguirre (table 7) it ap- 
peared that leaf samples taken at 45 days revealed the greatest difference 
in the response of the cotton plant to fertilizers. Except for leaf phosphorus, 
all leaf-nutrient values tended to decrease with age. This was especially 
true for nitrogen. Joham (5) found that sampling at 90 days after planting 


TaBLE 6.—The nutrient content (percent) of leaf blades and petioles of Sea Island cotton 





Nutrient content of cotton leaf! on dry-weight basis for — 





Leaf tissue 





| en 
| Nitrogen 


| Phosphorus | Potassium 
ae | 
Blade 4.48 (4.28-4.69) 0.33 (0.30-0.38) | 2.76 (2.51-2.95) 
Petiole 1.46 (1.28-1.78) | .18 (0.13-.21) | 2 (4.18-4.82) 





1 Sampled 45 days after planting. Range in parentheses. 


gave the highest significant correlation between the concentration of the 
elements in the petiole and the nutrient treatment. However, correlation 
values at 60 days were not very much lower. Petiole samples taken at 30 
and 145 days had low concentrations of the elements in the petiole. The 
authors have found that, for sugarcane (9) and pineapples (11), leaf-nu- 
trient values also tended to decrease with age. 

Leaf sampling cotton at 45 days would allow time for corrective fertilizer 
side-dressings to the crop, if they were made within a week or two after 
the leaf samples were taken. Leaf samples at 30 days, as indicated by Jo- 
ham’s work (5), showed that the plant has not reached an equilibrium 
with the fertilizer applied. To take leaf samples after 45 days limits their 
effective use for correction of the fertilizer deficiencies of the crop sampled. 

Using the data from table 7, leaf-nutrient values can be indicated for 
optimum yields of Sea Island cotton on an Altura loam when these samples 
we taken about 45 days after planting. Leaf values of 4.75 percent and 
above would indicate no significant need for nitrogen fertilizers. For phos- 
phorus, leaf values of 0.36 percent and above, and for potassium, leaf values 
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of 3.10 and higher, indicate no significant need for phosphates or potash. 

But, as these fertilizers did not significantly influence yield (table 3), even 

TaBLeE 7.—The influence of fertilizer applications and time of sampling on the leaf- 
nutrient content of cotton leaves, Sea Island variety, Aguirre, 1952-53 








Nutrient content, dry-weight basis, for leaf 


| 
Treatment per acre with — aera 
| samples taken at | Relative yields of 
| 
' 


sche ~|seed cotton per acre 























N | P205 | K:0 45 days | 60 days 90 days 
— _ u — — 
Leaf-nitrogen (N) 
> “ i ‘Lb. i ae Lb. | Percent | Percent n x yenery 5 
0 | 50 | 75 4.200 | 4.20 | 3.48 | 70 
100 | 50 | 75 | 4.76 a 4.24 | 3.69 | 89 
200 50 | 75 5.10 | 4.30 | 348 | 100 
-|— | ee, (Seren ieee ; 
Average of 3 treatments | 4.73 | 4.24 3.58 
ae pe pe erre aa | = 
Difference between 0 and | | 
200 pound N per acre | | | 
treatment 0.90 | 0.10 | 0.31 


Leaf phospho Us ( () 


200 0 75 0.36 |} 0.39 | 0.44 9] 
200 50 75 41s 41 44 100 
x ees Len cal ea ; 
Average of 2 treatments 0.39 | 0.40 0.44 


Difference between 0 and 50 | 
pounds P.O; per acre | 
treatment 0.05 0.02 0 


a ee = l 
20 | 50 | O | 3.07 | 2.30 7 2.32 | 91 
200 | 50 io | oe | 2.38 2.32 | 100 
Average of 2 treatments 3.14 2.34 2.32 
Difference between 0 and 75 | 0.14 | 0.08 0 


pounds K;O per acre | 
treatment 


lower values of leaf phosphorus and potassium might be indicative of neg- 
ative yield responses. 

The fertilizer-variety experiment at the Lajas Substation was leaf-sam- 
pled. The values obtained enabled us to observe any noticeable differences 























ash. 
ven 


leaf- 


ds of 
r acre 


’ neg- 


-Sam- 


ences 











RESPONSE OF COTTON TO FERTILIZERS 99 


in leaf-nutrient values for cotton varieties, and, from table 8, cotton vari- 
eties do differ in their leaf-nutrient values as they do in yields. Sealand, 
which gave the highest yields of seed cotton (table 4), did not have the 
highest leaf-nutrient values. Pima, which gave the lowest cotton yields, did 
not have the lowest leaf-nutrient values. The differences obtained in leaf- 
nutrient values between varieties at the various fertilizer levels indicate 
that it may be necessary to establish separate standard leaf-nutrient levels 
for certain cotton varieties. 


TaBLE 8.—The influence of fertilizer applicatons on the leaf-nutrient content of cotton 
leaves from 5 varieties and their relative yields at the Lajas Substation, 1953-54} 





Treatment per | Nutrient content, dry-weight basis, for varieties indicated? 
| 
| 














acre with — 
cs a ee ee —“ 7 ) — 
N |P:0s K:0| Sea Island | Pima 32 | Coastland Sealand | Amsak pie onl 
| | | | | 
Leaf nitrogen (N) 
Percent | Percent | Percent | Percent | Percent 


Lb.| Lb. | Lb. | pean | 
0} 200) 200) 3.91 (85) | 4.87 (87) | 3.67 (84) | 4.17 (69) | 4.21 (77) | 4.17 (84) 
200 200 200) 4.49 (100) | 4.86 (100) | 4.63 (100) | 4.48 (100) | 5.08 (100) | 4.71 (100) 








Leaf phosphorus (P) 





200, 0, 200! 0.42 (90) 0.38 (71) | 0.34 (85) | 0.32 (84) | 0.47 (81) | 0.39 (83) 
200) 200 200.45 (100) | .40 (100) | .36 (100) | .29 (100) | .43 (100) | .39 (100) 





Leaf potassium (K) 


i RG aa Tens aliei dl eae aie 
200} 200 0) 2.36 (98) | 2.28 (85) | 1.69 (102) | 1.93 (92) | 2.18 (87) | 2.09 (93) 
| | 


200, 200) 200) 2.70 (100) | 2.30 (100) | 2.14 (100) | 2.11 (100) | 2.25 (100) | 2.30 (100) 





1 Leaf samples taken 73 days after planting. 
* Numbers in parentheses show the relative yield of seed cotton per acre associated 
with the indicated fertilizer treatment and variety. 


It would be interesting to compare our leaf values obtained from Sea 
Island cotton on Altura loam (table 7) with the same variety on the Santa 
Isabel clay (table 8). However, before we can do so, we must adjust the 
leaf values of the Santa Isabel clay, because they were taken 73 instead of 
45 days after planting. Although we have no exact formula to adjust for 
age, we can use as a guide the decrease in leaf values with age given in table 
7. We find here that 45 days difference produced an average decrease of 
1.15 percent in leaf nitrogen. Therefore, for 28 days, the decrease is 0.72 
percent. This value can be added to the leaf-nitrogen values for Sea Island 
cotton in table 8 in order to bring these leaf samples to a base of 45 days 
of age. For no-nitrogen, we obtain a leaf-nitrogen value of 4.63; and for 
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200 pounds of nitrogen per acre, we get 5.21 percent. Thus, for a relative 
yield of 85, we have a leaf-nitrogen value of 4.63; for the Altura loam (table 
7), a relative yield of 89 was associated with a leaf-nitrogen value of 4.76. 
For the Santa Isabel clay, a relative yield of 100 was associated with a leaf 
value of 5.21, and for the Altura loam, the same relative yields was related 
to 5.10 percent of leaf nitrogen. 

Inasmuch as the percentage change is small for leaf phosphorus we may 
compare the two experiments without adjusting leaf values. The phos- 
phorus leaf-values of the Santa Isabel clay were a bit higher than those 
for the Altura loam (tables 7 and 8), but no significant response was ob- 
tained to phosphates in either soil. 

The leaf-potassium values were adjusted to a basis of 45 days sampling 
for the Lajas experiment by using a factor of 0.51 leaf potassium to be 
added for the 28-day difference in sampling time. For no-potash adjusted, 
leaf potassium became 2.87; and for 200 pounds of K,O per acre, 3.21. 
These adjusted values compare favorably with those obtained for the Altura 
loam (table 7). In neither soil were responses to potash fertilizers significant. 

SUMMARY 

The results of the six fertilizer experiments with cotton carried on at 
Isabela, Aguirre, and Lajas, from 1943 to 1956, indicated that: 

1. Cotton growing in Guayabo fine sand responded to phosphate and 
potash fertilizers. The use of 1,000 pounds of 5-10-10 per acre was recom- 
mended for this soil. 

2. The use of nitrogen at 82 pounds per acre produced the only signifi- 
sant response to fertilizers for a Coto clay. 

3. Cotton growing in Altura loam responded significantly only to appli- 
cations of 100 pounds of nitrogen per acre. 

4. Cotton growing on a Santa Isabel silty clay loam did not respond to 
nitrogen, phosphates, nor potash fertilizers. 

5. The fertilizer demands of cotton growing in Santa Isabel clay ap- 
peared to be highest for nitrogen and phosphates, with no response to pot- 
ash. The intensity of these needs varied somewhat with the cotton variety 
planted. 

6. Leaf-blade rather than the petiole tissue was found to be most reliable 
for foliar analyses in determining the appropriate levels of nitrogen, phos- 
phorus, and potassium in the plant tissue. 

7. Leaf samples taken 45 days after planting revealed the greatest differ- 
ence in response to fertilizers as compared to 60 and 90 days. 

8. For tentative use as leaf standards for Sea Island cotton: It is sug- 
gested that leaf blades containing, on a dry weight basis at 45 days after 
planting, above 5.00 percent of nitrogen should show no response to addi- 
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tional nitrogen; above 0.40 percent of phosphorus, no response to phos- 


2 


phates; and, above 3.20 percent of potassium, no response to potash. 
RESUMEN 


Los resultados de cinco experimentos sobre el abonamiento del algodén 
se resumen como sigue: 

1. El rendimiento de algodén respondié a la aplicacién de los abonos 
fosfatados y potasicos en el suelo del tipo arena fina Guayabo. 

2. Sdlo hubo reaccién significativa con el uso de 82 libras de nitrégeno 
por acre en el suelo del tipo Coto arcilloso. 

3. Sdlo hubo reaccién significativa cuando se hicieron aplicaciones de 
100 libras de nitrégeno por cuerda en el suelo del tipo Altura lémico. 

4. El rendimiento del algodén no respondié a las aplicaciones de nitré- 
geno, fosfatos, ni potasa en el suelo del tipo Santa Isabel limoarcilloso 16- 
mico. 

5. Tal parece que la necesidad del suelo del tipo arcilla Santa Isabel es 
mayor por nitrégeno y fosfatos en cuanto al algodén. No respondid a las 
aplicaciones de potasa. La intensidad de las exigencias de la planta por estos 
abonos varié algo segtin la variedad. 

6. Fué la hoja en vez del peciolo de la planta que resulté mejor para el 
anilisis foliar, en lo que respecta a los niveles de nitrégeno, fésforo y po- 
tasio en sus tejidos. 

7. Muestras de hojas tomadas a los 45 dias de sembrado el algodén, re- 
velaron la diferencia mayor en su reaccién a la aplicacién de los abonos, al 
compararse con las muestras que se tomaron a los 60 y a los 90 dias. 

8. Para uso tentativo, como estandar de hojas para el algodén Sea Is- 
land, se sugiere que éstas sean analizadas a base de peso en seco a los 45 
dias de haber sido sembradas las plantas. Sobre 5.00 por ciento de nitrégeno 
no deben dar sefiales de responder al nitrégeno, sobre 0.40 por ciento a los 
fosfatos y sobre 3.20 por ciento a la potasa. 
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Occurrence of Soil Tumors Northeast of the 
Guanica Lagoon, Lajas Valley, P.R.' 


G. Acevedo, M. A. Lugo-Loépez, and J. Ortiz-V élez® 
INTRODUCTION 

A rather interesting situation was observed northeast of the Gudanica 
Lagoon during the course of a recent soil survey of Lajas Valley. The soil, 
derived from old aliuvium, is compact, heavy, and poorly drained. Numer- 
ous mounds or tumors oozing sticky clay suspensions occur throughout 
the area. These tumors present an unusual phenomenon, as they have not 
been found anywhere else in the Valley or in Puerto Rico. Roberts, in his 
extensive Islandwide soil survey, observed these tumors and mentioned 
them briefly in his report (4)*. Their observation during the recent survey 
aroused interest as to their origin, distribution, and physical and chemical 
properties. 

This paper reports the research findings concerning these tumors in a 
part of the Lajas Valley where an irrigation and drainage development 
project is under construction. 


MATERIALS AND METHODS 


Detailed field observations were made of the whole area northeast of the 
Guanica Lagoon in an effort to determine the distribution of the oozing 
soil mounds. Information was gathered as to the agricultural practices in 
the areas adjacent to the tumors, particularly the irrigation schedules. 
Notes were taken on differences in vegetation in the tumors and adjacent 
areas. Data were taken from piezometer batteries installed in the area and 
in the vicinity in connection with a more extensive investigation of water- 
table depths and movement in the Lajas Valley. 

Three sites were selected for study and, at each, soil samples were taken 
from tumors that were not oozing at the time, at the following depths: 0-8, 
8-24, 24-48, and 48-72 inches. Samples were taken also at the same depths 
from the soil next to each selected tumor, at a distance of approximately 
6 feet from the edge of the tumor. The samples were air-dried and passed 
through a 2-mm. sieve. 

1 Joint contribution from the Department of Soils, Gurabo Substation, and Lajas 
Substation. 

* Research Assistant in Soils, Soil Scientist in Charge of the Gurabo Substation, 
and Research Assistant in Agronomy, respectively, Agricultural Experiment Station, 
Rio Piedras, Gurabo, and Lajas, P.R. 

3 Italie numbers in parentheses refer to Literature Cited, p. 114-5. 
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A saturated soil paste was prepared using a 250-gm. sample following 
procedure 2 of the U.S. Salinity Laboratory (3). It was then transferred 
to a Richards’ funnel and vacuum-extracted as outlined in procedure 3a 
(3). The saturation percentage or the moisture content of the saturated soil 
paste, expressed on an air-dry soil-weight basis, was recorded for each 
sample. The following determinations were made on each of the saturation 
extracts: Conductivity value expressed in millimhos per centimeter, and 
calcium and magnesium expressed in milliequivalents per liter of Ca + 
Mg. Procedures 4b and 7, respectively, as recommended by the U. S. Salin- 
ity Laboratory (3), were used for these determinations. 

The soluble sodium, expressed in milliequivalents per liter, was calcu- 
lated by subtracting soluble Ca + Mg from the total soluble bases. The 
total soluble bases were calculated by multiplying the conductivity value 
by 10, as recommended on page 157 of Agricultural Handbook 60 of the 
U.S. Salinity Laboratory (3). Total exchange capacity was determined by 
the ammonium acetate method. Exchangeable Ca + Mg, and K and Na 
were determined by the methods developed by Peech (5). Organic matter 
was determined by the chromic acid titration method and nitrogen by the 
standard Kjeldahl technique. Mechanical analyses were performed by the 
approved pipette method. Water retentions at pF’s 2.7 and 4.2 were deter- 
mined by subjecting saturated soil samples to tensions of 14 and 15 atmos- 
pheres, respectively, in pressure chambers and special pressure plates. 


RESULTS AND DISCUSSION 


ORIGIN AND DISTRIBUTION 


A survey of the area surrounding the Gudnica Lagoon disclosed that the 
tumors were localized on a stretch of land northeast of the Lagoon. This 
area is bordered on the north by a small chain of foothills and lies approxi- 
mately between latitude 18°0’ and 18°1’ N. and longitude 66°54’ and 66°55’ 
W. It is located southwest of the town of Yauco and north to northwest of 
Guanica on the southern coast of Puerto Rico. This land is part of a large 
multiple-purpose reclamation project involving the development of hydro- 
electric power, irrigation, drainage, water supply, and flood control, known 
as the Southwestern Puerto Rico Project, or more commonly as the Lajas 
Valley Development Project. 

Figure 1 shows the location of piezometer batteries in the vicinity of the 
tumor area studied and table 1 gives information on the vertical direction 
of flow of the underground waters. This is an area of upward pressures. 
Probably the tumors result from this upward hydraulic gradient prevalent 
in the area. Evidently the pressure of the water is so high at certain periods 
of the year that it bursts through in some parts of the fields foreing up sus- 
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pended clay, silt, and to a lesser extent, very fine sand particles. Field ob- 
servations over a period of years suggest that these tumors are particularly 
active when the sugarcane growing on the upper lands bordering the af- 


it, 
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(0) PIEZOMETER BATTERIYS LOCATIONS 


SOIL TUMOR AREA 
SCALE 1:10,000 
Fic. 1.—Area of tumor occurrence near the Gudnica Lagoon in Lajas Valley, P.R., 
and location of piezomoters. 


TaBLE 1.—Piezometer data at tumor area, near Gudnica Lagoon, Lajas Valle: 
’ “ ’ ny 











Piezometer data, hydraulic head at depth indicated — 
Piezometer location 

28 in. 14 in. 7 in. 
rae In. In. In. 
X21.0-Y6.0 22 10 (?) 
X21.5-Y6.0 25 20 (?) 
X21.45-Y6.18 —_— 33 = 
X22.0-Y6.0 _— 48 48 














1 Datum plane, sea level. 
2 Dry. 


fected areas is irrigated. It seems that the applications of irrigation waters, 
probably in excess of the field capacity of the soil, may intensify the pre- 
dominant upward hydraulic gradient of the underground water sufficiently 
to make it the causal factor in the bursting of the tumors. The same situ- 
ation develops during the limited rainfall period. The water from the upper 
lands usually travels laterally in response to gravity, its downward move- 
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ment into the subsoil being limited by the dominating upward gradients 
and the extremely slow hydraulic conductivity of the subsoil. The pressure 
is so high because of lack of outlets that bursting is inevitable at lower 
places. 

The possibilities of relieving this upward hydraulic pressure are under 
study, as it constitutes a serious problem in some sections of the Valley 
(7). However, in no other areas in the Valley has the situation been so 
acute as to cause the formation of these oozing soil tumors. Figures 2 to 6 
depict some aspects of the tumors. 


MECHANICAL COMPOSITION 


Table 2 gives data on the mechanical composition of the soil from the 
tumors and from the adjacent sites. They are both extremely high in their 
clay content at the upper 48 inches, being in all cases above 50-percent 
clay. The clay content increases slightly from the surface down to 48 inches. 
However, the variation in clay percentage is much more reduced in the 
tumors, while the range is wider in the adjacent soil. In general, the silt 
content is less than 22 percent and decreases with depth. The sand fraction 
is less than 30 percent in the upper 48 inches, but there is a marked increase 
to over 60 percent at the 48- to 72-inch depth. The increase in sand is mostly 
at the expense of the clay particles. 

The mechanical makeup of both the soil from the tumors and from the 
adjacent sites indicates that most of the soil particles moving upward are 
in the clay-size range, and that the movement of clay is limited to the upper 
48-inch layer. Evidently very little soil from the underlying 48- to 72-inch 
layers, or below, is moved upward through the action of the hydraulic 
pressure. The proportion of heavier fine sand at these depths in the tumor 
points to the movement of these particles, even if limited when compared 
to the fast-moving clay, probably of colloidal size, which can be easily 
suspended in the upward forcing waters. The natural mechanical separation 
of the soil particles from the tumors is probably similar to an elutriation 


process. 
ORGANIC-MATTER AND NITROGEN LEVELS 


Data on organic-matter and nitrogen contents of both the soil in the 
tumors and in the adjacent sites are given for each of four depths in table 
3. In both cases the organic-matter levels decrease considerably from the 
topmost 8-inch layer to the lower 72-inch layer. The levels are, however, 
much higher in the soil from the site adjacent to the tumors than in the 
soils of the tumors proper, since the washout of the soil-water suspension 
carries some organic matter. The reduction in the level of organic matter 
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Closeup of the thick, fleshy, halophytie vegetation covering a small tumor. 
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is sharp from the upper 8-inch layer to the lower layers. In the 8- to 24-inch 
layer of the tumors it is approximately one-third as high as in the topmost 
8-inch layer. In the soil adjacent to the tumors it drops about 50 percent 
at the corresponding depths. Nitrogen follows more or less the same pat- 
tern as the organic-matter levels. The nitrogen content of the soil adjacent 
to the tumors is almost twice as high in the upper 24 inches as that of the 





Fic. 4.—A spade can easily be shoved through the soft, aqueous, caleareous ma- 
terial of the tumors. 


soil from the tumors. Below that depth there are practically no differences 
in the nitrogen level. 

The growth of halophytic plants on the tumors seems to be rather rapid 
and luxuriant, and probably accounts, in large measure, for the rapid sta- 
bilization of the soil mounds and the quick accumulation of organic matter 
in the topsoil. Field observations indicated that halophytic, thick, fleshy 
plants took over shortly after the eruption of the tumors, covering them 
entirely. The succession of plants follows the normal trend and in older 
tumors even desertic trees and shrubs develop, probably as a climax vege- 
tation. 
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CATION-EXCHANGE PROPERTIES 
The total cation-exchange capacity of these soils is moderately high, 
with a mean difference of 5 to 6 m.e. per 100 gm. of dry soil, favoring the 
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Fic. 5.—The soil under the thin, dry capping layer of the tumors is soft and easily 
displaced. In many instances the deep, soft soil of the tumors imperils both eattle 
and human beings. 


soil from the tumors (table 4). This difference, marked throughout all lay- 


ers, cannot be explained on a basis of differences in clay content. The differ- 
ences in organie-matter levels offer no explanation either. The explanation 
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Fic. 6.—Large, deep cracks separate tumors from the adjacent soil. The soft, 
pliable, clayey material at the right was drawn beneath the dry soil capping the tu- 
mors. 


must be sought in a study of the weathering cycle and the development of 
the clay minerals. In both cases the clay minerals are obviously of the 2:1 
expanding-lattice type (2), montmorillonite predominating. 

The predominance of sodium in the soil-exchange complex is a striking 


feature both in the soil from the tumors and from the adjacent sites. In 








» soft, 
he tu- 


nt of 


pe 231 


iking 
s. In 














OCCURRENCE OF SOIL TUMORS 111 


some cases nearly all the exchangeable cations are apparently sodium, with 
but a small proportion of calcium, magnesium, and potassium. There is 
slightly more exchangeable Ca + Mg and potassium in the upper 48 inches 
of the soils adjacent to the tumors, and slightly less at the 48- to 72-inch 
depth. 


TaBLE 2.—Mechanical composition of soils from different depths in the tumors and from 
adjacent sites, near Gudnica Lagoon, Lajas Valley 





Clay 








Source of soil | Depth | Sand | Silt | 
-~- Inches Percent Percent Percent 
From tumors 0-8 26 18 56 
8-24 26 | 14 60 
24-48 24 | 14 62 
48-72 60 | 12 28 
From adjacent sites 0-8 28 | 22 50 
8-24 28 | 16 56 
24-48 30 | 6 64 
48-72 72 | 12 16 














TABLE 3.—Organic-matter and nitrogen levels of soils from different depths in the tumors 
and from adjacent sites, near Gudnica Lagoon, Lajas Valley 








Source of soil | Depth | Organic matter Nitrogen 
| Inches | Percent Percent 
From tumors | 0-8 | 2:12 | 0.11 
| 8-24 | .86 | 04 
| 24-48 | 63 04 
| 48-72 35 .02 
From adjacent sites — | 0-8 3.44 | 21 
| 8-24 | 1.63 | 10 
| 24-48 | 77 | 05 
| 48-72 | | 02 


CONDUCTIVITY, PH, AND SOLUBLE CATIONS 


As shown in table 5, all the samples obtained are alkaline, all pH values 
being above 9.0, with some even approaching pH 10. The extremely high 
exchangeable-sodium percentage accounts for the alkalinity. Conductivity 
values are rather high, indicating a high salt level, but they are higher in 
the soils adjacent to the tumors than in the tumors themselves. Thus, the 
high sodium content, combined with the relatively low total salts in the 
tumors, probably accounts for more dispersion of the soil particles. Accord- 
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Cation-exchange capacity and exchangeable cations in soils from the tumors 
and from adjacent sites, near Gudnica Lagoon, Lajas Valley 





Source of soil 


Exchangeable cations of — 








From tumors 


From adjacent sites 


TABLE 5. 


Cation- 
Depth exchange ee 
capacity Na | Ca + Mg | K 
| Inches M.e./100 gm. | M.e./100 gm. | M.e./100 gm. | M.e./100 a 
| 08 38.1 | 26.96 | 9.65 | 1.49 
8-24 | 40.5 | 28.44 | 10.68 1.38 
24-48 | 40.4 | 28.80 | 10.42 | 1.18 
AS-72 | 3558 | 27:88 | 7246 | 51 
| 08 | 29.6 11.35 15.20 | 3.05 
| 8-24 24.5 16.29 | 15.88 2.33 
| 2448 37.8 23.20 12.96 1.64 
48-72 Dil 20.13 6.61 | .36 


Mean conductivity of saturation extracts, pH, and soluble cations from the 


tumors and from the adjacent sites, near Gudnica Lagoon, Lajas Valley 


Source of soil 


From tumors 


From adjacent sites 


TABLE 6. 


Depth 


Inches 
0-8 
8-24 

24-48 

48-72 
0-8 
8-24 

24-48 
48-72 


| 
Conductivity pH 


| Soluble Ca + | Soluble Na in 


| Mg in satura- | saturation 

tion extracts | extracts 

Mmhos/cm. | | M.e./liter | M.e./liter 
4.33 9.2 | 272 41.58 
2.70 9.1 1.07 | 25.93 
2.33 9.3 63 22.67 
1.97 9.46 | 39 =| = 18.31 
12.830 | 9.56 | 4.53 | 124.5 
9.86 9.36 | 3.04 | 95.56 
6.40 9.36 | 1.35 | 62.60 
3.70 9.60 | 1.25 35.75 


Saiuration percentage and water retained at pF’s 2.7 and 4.2 of soils fron 
L { I 4 : . 


the tumors and from adjacent sites, near Gudnica Lagoon, Lajas Valley 


Source of soil 


From tumors 


From adjacent sites 


Depth 


Inches 
0-8 
8-24 

24-48 

48-72 
0-8 


| Water retained at pF 


Saturation 
27 4.2 

| 

Percent Percent | Percent 

161.6 50 | 24 
190.6 | 55 25 
182.1 | 54 | 20 
| 150.6 55 | 21 
| 89.0 33 | 13 
164.5 69 25 
189.0 9) | 27 
142.1 59 | 23 
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ing to these data the soils from the tumors are, in general terms, nonsaline- 
alkaline while those from the adjacent sites are saline-alkaline. Apparently, 
in the clay-water suspension oozing from the ruptured mounds or tumors 
some of the soluble salts are in some way leached out of the soil, thus re- 
ducing their total salt content and resulting in nonsaline-alkaline, but 
highly dispersed soils. The individual particles of such soils, especially 
those of colloidal size, can be moved easily and quickly when water is 
passed through the soil system under pressure. 


MOISTURE RELATIONS 


Table 6 presents data on saturation percentages and on water retention 
at pF 2.7 and pF 4.2. In general, the saturation-percentage values, 7.e., the 
moisture content of a saturated soil paste, are very high, surpassing 100 
percent in most cases in soils from both sources at all sites studied. The 
trend is toward increased saturation percentages with depth down to 48 
inches. This can be explained on basis of the increasing clay percentage of 
these soils down to that depth. In this same fashion the reduction at the 
48- to 72-inch depth is marked, because of the significant reduction in clay 
content. Water retention when tensions in the vicinity of pF’s 2.7 and 4.2 
develop, is relatively high in both cases, following the same trend as satu- 
ration percentages. The high moisture content at pF 2.7 indicates that 
most of the pores of these soils are definitely in the range of micropores 
with probably a small percentage of macropores. This is in line with the 
high clay percentages of the 2:1 expanding lattice clay types. 


SUMMARY 


The appearance of tumors or soil mounds oozing soil-water suspensions 
was observed during the course of a recent soil survey of Lajas Valley. The 
area affected lies northeast of the Gudnica Lagoon and is generally covered 
by halophytie vegetation. Piezometer batteries installed in the area indi- 
‘ated a rather high upward pressure gradient throughout. This pressure is 
so high during rainfall, or when the sugarcane growing at the adjoining 
upper lands is irrigated, that water bursts through the soil, carrying along 
large quantities of soil particles in suspension. 

Studies of the mechanical composition of the soils from the tumors and 
from adjacent sites indicate that the majority of the moving particles are 
in the clay-size range, although some silt and even very fine sand are forced 
upward from lower depths. Most of the movement is limited, however, to 
the upper 48 inches. The organic-matter and nitrogen levels are higher in 
the soils adjacent to the tumors than in the tumors themselves, but in both 
there is a sharp reduction below the 24-inch depth. The cation-exchange 
capacities of soils from both sites are rather high, with a predominance of 
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exchangeable sodium in the complex, and but little calcium, magnesium, 
and potassium. The high exchangeable-sodium percentage, together with 
the lower salt content of the tumors, as indicated by conductivity of soil 
extracts, accounts for the highly dispersed nature of the soil. 

The saturation percentages are extremely high, over 100 percent in most 
cases. They can be explained on basis of the extremely high clay percentages 
of the 2:1 expanding-lattice clay mineral types present. 


RESUMEN 


Durante un reconocimiento de los suelos hecho recientemente en el Valle 
de Lajas, se observaron tumores 0 promontorios de los cuales mana una 
suspensién de suelo en agua. El drea en cuestidn esta ubicada al noroeste 
de la laguna Guanica y en general se halla cubierta de una vegetacién halo- 
fitica. Las baterias de pizémetros localizadas en el drea indican una alta 
presién ascendente en toda esta drea. Durante épocas de lluvia 0 cuando 
se esta regando la cafia en la vecindad del drea afectada, la presién es tan 
fuerte que el agua asciende a través del suelo trayendo gran cantidad del 
mismo en suspension. 

Los estudios sobre la composicién mecanica del suelo de los tumores 0 
promontorios y del suelo de sitios cercanos a los promontorios indican que 
la mayoria de las particulas en movimiento consiste de arcilla, con canti- 
dades menores de limo y arena muy fina. Sin embargo, este movimiento 
esta limitado, en su mayor grado, a las 48 pulgadas superficiales. 

Los niveles de materia organica y nitrégeno son mas altos en el suelo de 
los sitios cercanos a los tumores que en el de los tumores mismos, pero en 
ambos casos hay una mareada reduccién bajo las primeras 24 pulgadas de 
profundidad. 

La capacidad para el intercambio de cationes de los suelos de ambos sitios 
es moderadamente alta y predomina el sodio intercambiable con poco cal- 
cio, magnesio y potasio. El alto porcentaje de sodio intercambiable, con- 
juntamente con el bajo contenido de sales totales del suelo de los tumores, 
segtin lo indica la conductividad de los extractos del suelo, explican el alto 
grado de dispersién en que naturalmente se encuentra este suelo. 

Los porcentajes de saturacién de humedad de estos suelos son extrema- 
damente altos y en muchos casos pasan del cien por ciento. Esto se debe a 
su alto contenido de arcilla con estructuras cristalinas del tipo 2:1, la cual 
se expande y contrae. 
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Further Experiments on the Control of Pineapple 
Gummosis in Puerto Rico! 


Mario E.. Pérez-E scolar* 
INTRODUCTION 

Despite the reduction in acreage, yield, and value of the pineapple crop 
during the first 5 years of the 1950-60 decade, in relation to the last 5 of 
the 1940-50 (/, 2)’, the potentials of this industry are still considered ex- 
cellent. A new 3-million-dollar cannery is in operation since 1956. The 
acreage dedicated to pineapple has approached again the high levels of the 
past. According to estimates gathered from various sources the present 
area devoted to this crop is in the vicinity of 5,000 acres‘. This figure repre- 
sents a marked increase over that in the 1955 census, conducted by Espinet 
and Olivieri (3), which showed that only 2,800 acres were planted to pine- 
apples. 

Most of the factors limiting fruit production per acre may now be eco- 
nomically controlled, and it is expected that the average yield per acre will 
soon surpass the present average of only 10.10 tons. 

Although the pineapple industry must be economically based on the pro- 
duction of fruit for canning purposes, the exportation of fresh fruit continues 
to be of great importance, as the price per ton brings the greatest profits 
to the grower. 

Red Spanish continues to be the leading variety grown in the Island. 
According to Espinet and Olivieri (3), the 1955 census showed that 75 per- 
cent of the total acreage was devoted to this variety and the rest to Smooth 
Cayenne. Because of its medium size, firmness, and shape, the Red Spanish 
is preferred for exportation as fresh fruit for the New York market. It may 
also be used for canning, depending on the price and demand of the fresh- 
fruit market. 

Despite the excellent characteristics of the Red Spanish variety, an in- 
sect-provoked condition known as gummosis has been a limiting factor in 
its economic production. Gummosis, gumming, or gum disease is a condi- 


1 Appreciation is expressed to all members of the Entomology staff of the Agri- 
cultural Experiment Station. Special mention should be made of the late H. G. Hop- 
wood, of Shell Chemical Co., whose interest and suggestions were so helpful. 

2 Assistant Hntomologist, Agricultural Experiment Station, University of Puerto 
Rico, Rio Piedras, P. R. 

3 Italic numbers in parentheses refer to Literature Cited, p. 126-7. 

‘Guillermo Serra, in charge of the Pineapple Project of the Land Authority of 
Puerto Rico, provided acreage data for his organization. Enrique Landrén (second 


largest grower) also provided information. 
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tion in which gum exudes from certain places in the rind of the fruit. Holes 
or cavities develop around the base, open to the outside, and extend from 
the rind into the flesh of the fruit. Fruits so affected are usually rejected 
or priced lower when reaching the auction stage at the New York market. 
Some growers of this variety claim as high as a 50-percent loss of the fruits 
exported and there is an unestimated loss in the cannery due to excess 
slicing to eliminate the dry rot holes. 

Field and laboratory experiments showed that the feeding of the larvae 
of an undescribed species of the genus Batrachedra, Lepidoptera, provoked 
the exudation of gum (4). Experimentation with chemicals indicated that 
gumming provoked by this insect can be controlled. Such insecticides as 
Chlordane, Rhothane, Toxaphene, Parathion, Heptachlor, and Aldrin-Volek 
oil mixture were effective. A minimum of three spray applications was nec- 
essary for control but additional applications improved control. The first 
spray application was made at any time during blossoming, the others 
spaced at 2- or 3-week intervals. 

A seasonal history study of the causal insect indicated that female Ba- 
trachedra sp. moths are attracted to blossoming pineapple fruits. The inter- 
relation of egg deposition and this stage of development of the fruit was 
established. At the end of 1955 experiments were planned for the 1956 
growing season in which only two spray applications of each of the six 
chemicals found effective were to be made at blossoming time only. A 
sticker, Shell Tenac, was to be added to half of the treatments to evaluate 
its effectiveness. If the experiment were successful, a second test was to be 
conducted the following year to compare one and two applications with 
the outstanding chemical or chemicals of the group under test. In addition, 
residue assay was to be taken in consideration, because Puerto Rican pine- 
apples shipped to the United States are subject to the Food and Drug Ad- 
ministration regulations which require a residue clearance on agricultural 
commodities in interstate commerce. 

This paper deals with the description and results of these experiments 
conducted during the 1956 and 1957 seasons at the farm of Enrique Landrén 
in Vega Baja, and the conclusions obtained from them. 

‘ MATERIALS AND METHODS 
1956 EXPERIMENT 

The field selected for the 1956 experiment was a first-crop 14-month-old 
planting of the Red Spanish variety which had been carbided® on Novem- 
ber 4, 1955. 

> Carbiding consists of an application of an acetylene solution, produced by treat- 
ing calcium carbide with water, to the growing point of individual pineapple plants 
to insure uniform blossoming. 
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The experiment consisted of 64 plots involving 16 treatments—14 chem- 
ical treatments and | check duplicated for the balance of the design—rep- 
licated 4 times in a + x 4 simple lattice design. Each plot was 35 feet wide 
and 60 feet long, and consisted of five banks of the double-row system or ap- 
proximately 400 plants per plot. The description of each treatment is given 
in table 1. 


TABLE 1.—A summary of treatments used and results obtained in the pineapple-gum- 
mosis-control experiment at Vega Baja, harvested April 15, 1956, on the total num- 
ber of fruits per plot on the shaded and sunny sides of the bank! 


| 
: ; | Better at 1- 
Treatment | Material? Concentration per 100 Mean gum percent 


No. | gal. of water3 index | than treat- 
| | ment No. 
2 Chlordane (8 lb./gal. cone.) 16 gal. | 4.92 | 13 
12 Endrin (1.6 Ib./gal. cone.) + | 1lqt.+11¢ lb. | 4.26 | 13 
Parathion (15-percent W. P.) | | 
: Rhothane (50-percent W. P.) 4 |b. 5.09 | 13 
5 Toxaphene (6 lb./gal. conc.) 1 qt. 6.43 13 
10 Heptachlor (2 lb./gal. cone.) | 1% gal. 6.48 13 
] Chlordane (8 lb./gal. conc.) | 1% gal. 6.53 13 
14 Endrin (1.6 lb./gal. cone.) | 1 qt. 6.91 13 
6 Toxaphene (6 lb./gal. conc.) | 1 qt. 7.20 | 13 
11 Endrin (1.6 lb./gal. cone.) + | 1 qt. + 119 lb. 7.47 13 
Parathion (15-percent W. P.) | 
15 Endrin (1.6 lb./gal. cone.) | 1 qt. (ey; 13 
i Rhothane (50-percent W. P.) =| 4 Ib. 8.33 13 
9 Heptachlor (2 lb./gal. conc.) | 19 gal. | 9.34 13 
8 Parathion (15-percent W. P.) =| 114 Ib. | 11.54 13 
7 do. | 114 Ib. | 13.02 13 
13 Untreated check | — | 38.09 


1$.E. for means of treatments 1 to 14 = 3.4124; S.E. for check mean (13) = 2.4130; 
error d. f. = 44. 

2 A sticker (Shell Tenac) was added at the rate of 1 part to 5 parts of the actual 
insecticide by weight to treatments 2, 4, 6, 8, 10, 12, 14. W. P. = wettable powder. 

3 Applied at the rate of 150 gal., approximately. 


The sprays were applied by means of a 15-gallon power sprayer (John 
Bean, Spartan model) delivering approximately 150 gallons of finished 
spray per acre. Spray was directed to individual fruits by three rapid move- 
ments: to the top of the fruit, around the fruit, and to its base. Spray dates 
were January 20 and 27, 1956. The first, basal whorl of flowers was open 
in the first spray. 

The experiment was harvested on April 15, 1956. The fruits from each 
plot were individually examined and classified as to the size. Since personal 
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observations confirmed by actual counts indicated differences at blossoming 
time between fruits from the sunny and shaded sides of the banks, care 
was taken to obtain separate data on gummosis for both sides. On the aver- 
age, plants on the sunny side of the bank blossom earlier than those on the 
shaded side.* Considering the fact that oviposition by the female moth 
takes place only at blossoming, differences in oviposition abundance could 
also occur, thus affecting the incidence of gummosis. 

Through the courtesy of Shell Co. of Puerto Rico, their Denver labora- 
tories ran the residue analysis for Endrin insecticide. 

1957 EXPERIMENT 

The field selected for the 1957 experiment was very close to that selected 
for the previous year. It was also a 14-month-old first-crop field carbided 
November 29, 1956. 

The experiment consisted of 64 plots involving 16 treatments with only 
1 check, replicated four times in a balanced incomplete-block design. Each 
plot was 35 feet wide and 30 long. Thus, each plot consisted of 5 double- 
row banks, or approximately 200 plants. In this experiment the description 
of all treatments is given in table 2. Two new insecticides, Dieldrin and 
Malathion, were added to replace the Parathion-Endrin mixture and the 
extra check. 

The same equipment and techniques used in 1956 were followed in 
this experiment. Spray dates were February 6 and 14, 1957. The first basal 
whorl of flowers was open at the time of the first spray. 

The experiment was harvested on April 29, 1957. Data were also obtained 
separately in regards to the position of plant in the bank, and the size of 
fruit was also recorded. Forty fruits per treatment were collected at random 
for residue analysis. 


RESULTS AND DISCUSSION 


Tables 3 to 6 summarize the results obtained in both experiments and 
their statistical interpretation. The gum index was calculated as the ratio 
of the number of gum-affected fruits to the total number harvested in each 
treatment. The comparisons between treatment means were made accord- 
ing to the Q test (Student, Newman, and Keuls). 

1956 EXPERIMENT 

Table 1 shows the results of the 1956 experiment and their statistical 
interpretation based on all fruits of each treatment. All treatments were 

° By the ‘‘sunny side’”’ of the bank is meant that which is exposed to the sun dur- 
ing the morning hours. In general, it has been observed for the Island of Puerto 


Rico that there is a greater light intensity during the morning hours. Actinometer 
data from Gurabo, obtained by M. A. Tid, demonstrate the validity of this statement. 
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superior to the untreated check at the 1-percent level of significance. There 
were no differences among the insecticidal treatments. The addition of a 
sticker did not improve control. Tables 3 and 4, presenting the analysis 
based on the position of the fruit in relation to the sun, show similar results. 

A t-test was performed using only three replicated samples to determine 
gum-index differences, if any, between fruits from the sunny and shaded 


TABLE 2.—A summary of treatments used and results obtained in the pineapple-gum- 
mosis-control experiment at Vega Baja, harvested April 29, 1957, on the total 
number of fruits per plot on the shaded and sunny sides of the bank 


























oe |Concentra- Number | Better at 1- | Better at 5- 
ment Material Ler | apthea- | eam, |Petcettan percent than 

| water? tions No. No. 
| 

2 | Chlordane (8 lb./gal. cone.) | 14 gal. 2 3.21 | 16,3, 13, | 16, 3, 13, 
| | | 15 15, 11 

6 | Endrin (1.6 lb./gal. cone.) | 1 qt. | 2 5.19 | 16,3 16,, 3; 13; 
15 

8 | Toxaphene (6 lb./gal. cone.) | 1 qt. 2 6.20 | 16, 3 16, 3, 13, 
15 

4 | Heptachlor (2 lb./gal. cone.) | 14 gal. 2 8.77 | 16,3 16, 3 

cs | Toxaphene (6 lb./gal. cone.) | 1 qt. 1 10.24 | 16, 3 16, 3 

12 | Dieldrin (1.5 lb./gal. cone.) | tat. | 2 11.61 | 16,3 16, 3 

1 | Chlordane (8 lb./gal. cone.) | 1% gal. 1 | 11.65 | 16,3 16, 3 

5 | Endrin (1.6 lb./gal. cone.) | Iqt. | 1 12.89 | 16 16, 3 

9 | Rhothane (50-percent W. P.)! | 4 Ib. fa 13.65 | 16 16, 3 

10 | do. (4ap: | 2 14.37 | 16 16, 3 

14 | Parathion (15-percent W. P.) | 116 lb. 2 16.91 | 16 16 

11 | Dieldrin (1.5 lb./gal.) jlqt. | 1 20.58 | 16 16 

15 | Malathion (25-percent W. P.) | 2! lb. | 2 22.67 | 16 16 

13 | Parathion (15-percent W. P.) | 149 lb.| 1 23.26 | 16 16 

3 | Heptachlor (2 lb./gal.) | 16 gal. 1 | 29.85 | 16 | 16 

16 | Untreated check [ —- | 44.98 _ — 








1W. P. = wettable powder. 
2 Applied at the rate of 150 gal. finished spray per acre. 
3 The second application was at the rate of 1 pt. per 100 gal. water. 


sides of the bank. A significantly higher gum index (17.68) was obtained 
with fruits harvested from the sunny side, the gum index on the shady 
side being 10.20. 

Endrin residues were detected on both peel (0.45 p.p.m.) and pulp 
(0.26 p.p.m.). Whole-fruit analyses averaged 0.3 p.p.m. 

Measurement of the fruits harvested in this experiment revealed that 78 
percent of the total were large (12-18) and the remaining 22 percent me- 
dium (24 and 30). 
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TABLE 3.—A summary of treatments used and results obtained in the pineapple-gum- 
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mosis-control experiment at Vega Baja, harvested April 15, 1956, on fruits 





| 


from the shaded side of the bank} 
| 


| 
| 


| 


Better at 1-percent 








Treatment No. Material? Mean gum index shais tredtiien thc: 
| 
5 Toxaphene 1.47 | 13 
6 do. 3.13 | 13 
2 Chlordane + sticker 3-21 | 13 
12 Endrin + Parathion + sticker 3.52 13 
1 Chlordane 3.65 | 13 
3 Rhothane | 3.93 | 13 
11 Endrin + Parathion 4.16 | 13 
14 | Endrin + sticker 5.20 13 
8 | Parathion + sticker 5.76 | 13 
10 | Heptachlor + sticker 5.88 13 
15 | Endrin | 6.17 | 13 
4 | Rhothane + sticker 6.36 | 13 
9 | Heptachlor 8.43 | 13 
a | Parathion 12.64 13 
13 | Untreated check 31.12 | = 





1SE for means of treatment 1 to 14 


2.5082; error d. f. = 33. 


2 Materials and concentrations used are the same as those summarized in table 1. 


TABLE 4.—A summary of treatments used and results obtained in the pineapple-gum- 





3.5471; S.E. for check mean No. 13 = 


mosis-control experiment at Vega Baja, harvested April 15, 1956, on fruits 
from the sunny side of the bank! 





Treatment No. 


Material? 


| Mean gum index 


Better at 1-percent 
than treatment No. 








Heptachlor + sticker 
Chlordane + sticker 
do. 

Endrin + Parathion + sticker 
Heptachlor 
Endrin + sticker 
Toxaphene : 

do. 10 
Rhothane FE. 
Endrin 1k 
Parathion 12. 
Endrin + Parathion 15 
Rhothane + sticker be 
Parathion + sticker 22 
Untreated check 49 


1$.E. for means of treatments 1 to 14 = 5.5046; S.E. for check mean No. 13 = 


3.8924; Error d. f. = 44. 
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13 
13 
13 
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2 Materials and concentrations used are the same as those summarized in table 1. 
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TABLE 5.—A summary of treatments used and results obtained in the pineapple-gum- 
mosis-control experiment at Vega Baja, harvested April 29, 1957, on fruits 
from the sunny side of the bank 








| Better at 1-per- |Better at 5 per- 








Treatment No. Material! a “Mean gum index | eeceent than, 5 oe 
2 Chlordane 2 5.34 16 | 16, 13, 3 
6 Endrin 2 7.05 16  HGtee 3 
8 Toxaphene 2 9.71 16 | 16, 13 
1 Chlordane 1 11:57 16 | 16 
7 Toxaphene 1 14.09 | 16 | 16 

12 Dieldrin 2 14.11 | 16 | 16 
4 Heptachlor 2 15.32 | 16 16 
10 Rhothane 2 16.24 | 16 | 16 
9 do. l 17.79 16 | 16 
5 Endrin 1 18.39 16 | 16 
1 | Dieldrin 1 25.44 | _ 16 
14 Parathion 2 2514 | _ 16 
15 Malathion | 2 28.04 | — | 16 
3 | Heptachlor | 1 | 31.90 | — | - 
13 Parathion 1 33.31 _ — 
16 Untreated — 45.81 — | — 





1 Formulations and concentrations are those shown in table 2. 

TABLE 6.—A summary of treatments used and results obtained in the pineapple- 
gummosis-control experiment at Vega Baja, harvested April 29, 1957, on fruits 

from the shaded side of the bank 





Better at 1- |Better at 5-per- 











Treatment No. Material! Bas ro Bad pe gumiindex | percent than [cent than treat- 
Ee =. et > ee | — = —_—— 
2 Chlordane | 2 | 053 | 163 | 16,3 
6 Endrin 2 | 2.07 | 16,3 | 16,3 
8 | Toxaphene 2 2.77 | 16, 3 | 16, 3 
t Heptachlor 2 3.23 16, 3 16, 3 
5 Iendrin i 5.48 16, 3 | 16.3 
“ Toxaphene 1 5.96 | 16, 3 16, 3 
9 Rhothane 1 6.57 | 16, 3 16, 3 
12 | Dieldrin 2 | 6.98 16,3 | 16,3 
14 Parathion | 2 | 8.84 16, 3 16, 3 
10 | Rhothane | 2 | = 10.14 16,3 | 16,3 
13 | Parathion | 1 | 11.22 16 16, 3 
1 | Chlordane | ae | | 13.76 16 16,3 
11 Dieldrin | 1 | 15.46 16 16, 3 
i Malathion | 2 1737 16 16, 3 
3 Heptachlor | 1 | 29.15 16 | - 
16 Untreated me | 44.56 — = 


1 Formulations and concentrations are those shown in table 2. 
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1957 EXPERIMENT 


Statistical analyses for the 1957 experiment was also made both disre- 
garding (table 2) and taking into consideration (tables 5 and 6) the position 
of the fruit in relation to the sun. 

As in the 1956 experiment, the gum index from fruits harvested from the 
sunny side of the bank, 19.95, was higher than that from the shaded side, 
11.49. This difference was found to be highly significant. 

The comparison between the number of applications in general showed 
that under the conditions of high gum index of the sunny side of the bank 
the effects of two insecticidal applications proved to be highly significant 
over one application. No difference was found between one and two applica- 
tions on the shaded side of the bank where the gum index was lower. When 
the position of the fruits was disregarded, results of two applications were 
found to be significant over one (table 4). No significant differences were 
observed between number of applications from insecticide to insecticide 
individually. 

However, it should be borne in mind that poor uniformity at blossoming 
time may change this lack of difference between one and two applications, 
as egg deposition by the female Batrachedra takes place only at this stage 
of fruit development. Thus, the fruit of a nonblossoming or a slow-blossom- 
ing plant may remain unprotected when one spray only is applied, and 
therefore the fruit-to-be is a potential one for oviposition, and consequently 
gummosis may develop from the feeding of the unchecked hatching larva. 
But, despite the difference in gum index between the sides of the bank, the 
check plots did not show an appreciable difference. This suggests that such 
climatic factors as light intensity, temperature, winds, and the washing 
action of rains may possibly have affected fruits located on the sunny side 
to a greater degree than those on the better protected, shaded side. The 
interaction of these factors may possibly cause a faster deterioration of the 
chemicals, thus, a second spray application becomes significant as shown 
in table 5. 

When the position of the fruit is disregarded for analysis (table 2), or 
the sunny side only is considered (table 5), the two applications of Chlor- 
dane showed the best performance, followed by Endrin and Toxaphene. 
On the shaded side (table 6) most treatments performed well. 

Two applications of either Parathion or Malathion and one application 
of either Dieldrin, Parathion, or Heptachlor failed to control gummosis 
significantly over the check in the fruits in the sunny side of the banks. 
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RESIDUE DATA 
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Table 7 gives a summary of the residue data obtained from the analysis 
conducted by the various insecticidal companies whose products were under 


evaluation for gummosis control.’ 


Toxaphene and Heptachlor seem to be the safest insecticides from the 
standpoint of residues in relation to the known tolerances established for 
these two chemicals. Either one or two applications may be considered safe. 


TaBLE 7.—Summary of chemical-residue analysis! for pineapple- 
experiment at Vega Baja, P.R., April 29, 1957 


Insecticide 


Endrin 


Dieldrin 


Chlordane 


Heptachlor 


Toxaphene 


Rhothane 


—_ 


— bo 


=H poe 


~) 


Average residue 
in p.p.m. 


0.265 
| 
40 
a | 
247 


.58 


145 
43 
O01 
.00 
O01 
00 


2.0 


Part of fruit 


assayed 


Peel 
Pulp 
Peel 
Pulp 
Peel 
Pulp 
Peel 
Pulp 
Whole 
do. 

Peel 
Pulp 
Peel 
Pulp 
Whole 


do. 


gummosis-control 


Accepted tolerance 
to date for fruit 
or other crops 
in p.p.m. 


1 No data were obtained for Parathion, Rhothane and Malathion. 


2 Not reported. 


One application of Chlordane leaves residues which are below the limits 


established for this chemical. 


Dieldrin leaves residues which are higher than the 0.25-p.p.m. concentra- 


tion tolerated by the regulations. 


Endrin cannot be considered for recommendation despite its effective- 
ness in the control of gummosis. Residues were detected in both 1956 and 


7 The kind cooperation of the following Insecticide Companies is greatly appre- 
ciated: 1. Shell Chemical Co., Denver, Col., for Endrin and Dieldrin; 2. Hercules 
Powder Co., Wilmington, Del., for Toxaphene; 3. Velsical Chemical Corp., Chicago, 


Ill., for Chlordane and Heptachlor. 
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1957 experiments, at least on the peel. As is generally known, no residues 
are tolerated for this chemical under the regulations of the Food and Drug 
Administration of the U.S. Department of Health, Education, and Welfare. 


CONCLUSIONS 

Chlordane, Endrin, Toxaphene, Rhothane, Heptachlor, and Parathion 
were consistent in controlling gummosis when applied twice during the 
blossoming period of the pineapple fruit in both experiments in which they 
were tested. Two applications of Dieldrin were also effective in the 1957 
experiment where it was tested. 

Of the outstanding performers only Toxaphene, Chlordane (only one 
application), and Heptachlor can be recommended from the standpoint of 
residues. 

In general, two spray applications should be made at blossoming time 
spaced at 7- to 10-day intervals, the first when the first whorl of flowers 
are open. 


SUMMARY 


Gummosis, gumming, or gum disease of pineapples is provoked by the 
feeding of the larva of an undescribed species of the genus Batrachedra and 
continues to be a problem of importance in pineapple production with the 
leading variety of Puerto Rico, the Red Spanish. It is of greatest impor- 
tance in the fresh-fruit market where it may cause 50-percent losses. An 
unestimated loss is also sustained by the canning industry. 

Previous work on the biology of the causal insect had demonstrated an 
interrelation between egg deposition by the female Batrachedra and blos- 
soming of the young pineapple fruit. Two chemical-control experiments 
conducted during the 1956 and 1957 seasons are presented in detail in this 
paper. Results demonstrated that gummosis can be effectively reduced by 
spraying only at blossoming time. Previous experiments reported by the 
author had shown control, but most of the sprays were applied after blos- 
soming spaced at 2- to 3-week intervals. 

In general two spray applications were necessary to effect control, al- 
though some of the individual insecticide comparisons between one and 
two applications’ showed no significant differences. 

A higher gum index was found on fruits harvested from the sunny side 
than from the shaded side of the bank. Under these high-gum conditions 
two spray applications were superior to one. 

Residue data from whole-fruit analysis, or from peel and pulp analyzed 
separately, are given. One or two spray applications of Toxaphene or Hep- 
tachlor and one of Chlordane left residues which are below the established 
tolerances. Endrin showed residues above zero. Data from Rhothane were 
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not available when this manuscript was written No analysis could be 
made of Parathion- or Malathion-treated fruits. 
RESUMEN 

La gomosis, 0 la enfermedad de la goma de la pina, producida por la 
larva de una especie no descrita del género Batrachedra, Lepidoptera, 
contintia siendo un problema de importancia en el cultivo de la variedad 
Espanola Roja, que es la pifia que mas se siembra en la Isla. Es en el mer- 
cado de fruta fresca donde mayores estragos causa esta enfermedad. Se 
estima que las pérdidas que origina ascienden hasta un 50 por ciento. Hay 
otras pérdidas cuando se enlata la fruta, que aun no se han podido estimar, 

Otros estudios llevados a cabo anteriormente, en cuanto a la biologia del 
insecto que causa la gomosis, sefialaron que existe una relacién entre la 
época en que florece la pifia y la accién de ovipositar de la hembra de la 
Batrachedra 

Durante 1956 y 1957 se llevaron a cabo dos experimentos, cuyos datos 
son los que se presentan en este trabajo. 

Los resultados sefialan el hecho de que la gomosis puede combatirse 
eficazmente si las plantas se asperjan sdélo durante la florecida. Anteriores 
experimentos llevados a cabo por el autor demostraron la eficacia de este 
combate quimico, pero en aquellas ocasiones las aspersiones se aplicaron 
después de la florecida, espaciandolas cada 2 6 3 semanas. 

Generalmente, s6lo dos aspersiones del insecticida fueron necesarias para 
obtener el completo control de la gomosis, sin embargo, cuando se com- 
pararon los insecticidas individualmente, el uso de una o de dos aspersiones 
no demostr6 diferencia significativa alguna. 

El indice de gomosis fué mayor en la fruta cosechada en el lado del 
banco expuesto al sol que en la del lado sombreado. Cuando hubo indices 
altos de gomosis en las frutas, el uso de dos aspersiones fué superior al de 
una sola aspersion. 

Se han ineluido en este trabajo los datos sobre la cantidad de residuos 
que dejan los insecticidas usados sobre la fruta completa y sobre la cascara 
y la pulpa. La cantidad de residuos que dejan dos aspersiones de toxafeno 
o heptacloro, o una de clordano, son menores que las toleradas. Las canti- 
dades de residuos que deja el endrin sobrepasan la tolerancia de cero 
establecida para este insecticida. Aun no hay datos sobre la cantidad de 
residuos que deja el rotano, ni sobre las de los insecticidas paracién y 
malacion. 
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_ Annual Book of Statistics of Puerto Rico, Economie Development Administration, 
Office of Economic Research, San Juan, P.R., 1957. 

_ Espinet, G. R., y Olivieri, J. A., Produccién y Mercadeo de la Pifia de Puerto 
Rico, E. & S. R. 33, Octubre, 1956. 

_ Pérez, M. E., Pineapple Gummosis in Puerto Rico and its Control, Tech. Paper 
21, Agr. Exp. Sta., Rio Piedras, P.R., 71 pp., 14 fig., May 1957. 











The Effect of Various Processing Methods on Ease 
of Removal of More than Half the Silver Skin 
from Green Coffee Beans 





D. 8S. Boyce! 


INTRODUCTION 


With the advent of new and modern methods of coffee-processing un- 
expected factors affecting the ultimate product are becoming evident. As 
an example, it has recently been reported that coffee parchment which has 
been mechanically demucilaged and artificially dried appeared to yield, after 
hulling, samples of green beans with a high percentage of silver skin tena- 
ciously adhering to them. It was consequently of interest to determine 
whether or not this could be verified and also which factors in the processing 
cycle were responsible. 

A simple experiment was therefore designed to determine whether there 
was any significant difference in the removal of silver skin from coffee 
processed by means of mechanically or naturally fermented demucilaging, 
and dried either by artificial means or by the sun. 

REVIEW OF THE LITERATURE 

There does not seem to have been any previous consideration given to 
this specific problem, although Goto and Fukunaga (/)? reported from 
Hawaii that: 

The silver skin on some coffee comes off more easily than others. The silver skin 
on coffee grown at lower elevations in Kona, for example, is generally harder to re- 
move than is the skin on coffee grown in the upper areas. In the past the silver skin 
was rubbed off the bean with special polishers. This is not done very much today, 


however, since it was found that the silver skin did not affect the quality of the 
roasted coffee. 


Haaer (2), referring to East Africa stated: 


The term immature and “coated bean” refers to light, starved beans badly coated 
with silver skin. This can be due to several causes, and there are some regions in 








1 Lecturer, Department of Agricultural Engineering, College of Agriculture and 
Mechanic Arts, Mayagiiez, P. R. The author wishes to acknowledge the cooperation 
of General Manager Antonio Natali, of the Cooperative Agricultural Industries of 
Puerto Rico Factory, Maricao, for supplying samples of coffee parchment; of Saulo 
Rodriguez Ortiz, Assistant Agronomist in Charge of the Castafier Agricultural Sub- 
station, for suggesting the problem and supplying samples; and of René Otero, Re- 
search Assistant, Agricultural Engineering Department, who carried out the labora- 
sory work involved in collecting the experimental data. 

2 Italic numbers in parentheses refer to Literature Cited, p. 131. 
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particular, which produce coffee that tends to retain its silver skin closely adhering 
to the bean. 


Thus the literature concerned with the problem of the adherence of the 
silver skin to the bean indicates that it is influenced specifically by regional 
differences, though other unstated factors are also considered to be partly 
responsible. Nevertheless, it does not appear that this condition has ever 
been specifically associated with methods of preparation. It also appears 
that, though this condition was given considerable importance in the past, 
it is now regarded as not so important. 

EXPERIMENTAL PROCEDURE 

Four different treatments, each replicated 6 times and containing 400 
beans per replication, were used as indicated below. Each replication was 
hulled and visually examined to determine the percentage of green beans 
from which 50 percent or more of the silver skin could be easily removed 
by manipulating the bean between the fingers, and it was found that either 
a large portion of the silver skin was easily removed or that it tenaciously 
adhered to the bean in its entirety. The four treatments are as follows: 

1. Naturally fermented and artificially dried (rotary drier) coffee from 
the Cooperative Agricultural Industries of Puerto Rico’s Factory, Maricao. 

2. Naturally fermented (laboratory) sun-dried parchment from the 
Coffee Factory of the Castafier Substation. 

3. Mechanically demucilaged (Hess machine) (/) and sun-dried parch- 
ment from the Coffee Factory of the Castafier Substation. 

4. Mechanically demucilaged (Hess machine) and artificially dried 
(rotary drier) parchment from the Coffee Factory of the Castafier Substa- 
tion. 


EXPERIMENTAL RESULTS 


The purpose of the statistical analysis was to determine whether the ease 
of removal of the silver skin was affected by: 

1, Method used in demucilaging 

A, Natural fermentation 

B, Mechanical demucilaging (Hess machine) 
2, Method used in drying 

A, Natural sun-drying 

B, Artificial drying (rotary drier) 

3, Interaction between main effects 1 and 2. 

It can be seen in the following tabulation, which summarizes the results 
derived from various combinations of the two methods of drying and the 
two methods of demucilaging, that the treatment employing natural 
fermentation and artificial (rotary drier) drying gave significantly better 
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results than any of the other three treatments at the 0.01-percent level, 
there being no significant difference between the latter: 


Demucilaging x Drying Mean percentage of beans 

Natural fermentation X Artificial (rotary drier) 62.50 

Do. X Natural (sun-dried) 27.66 

Mechanical (Hess) x do. 19.33 

Do. x Artificial (rotary drier) 15.83 
Minimum significant difference between the means at: 

1 percent-level 24.12 

5 percent-level 17.62 


Table 1 shows calculated / values and table readings for the two main 
effects considered and their interaction. It can be seen that demucilaging 


TaBLE 1.—F values, calculated, and table readings for the 2 main effects and their 
interaction 





Reading of F 


Factor | F (by calculation) ————_—__—_—— ———— 
| P = 0.05 P = 0.01 
Demucilaging 21.07 4.35 8.10 
Drying 6.84 4.35 8.10 
4.35 8.10 


Demucilaging and drying 10.24 


is the most important factor affecting the ease of removal of the silver skin, 
being significant at the 0.01-percent level; that drying is significant at the 
0.05-percent level; and that the interaction between the two effects is 
significant at the 0.01-percent level. 
SUMMARY AND CONCLUSIONS 

It has been shown that the methods utilized to process coffee cherries 
to dry coffee parchment affect to a considerable extent the ease with which 
the silver skin may be removed from the green coffee bean subsequently. 
Natural fermentation is significantly more effective at the 0.01 probability 
level in producing a sample with an easily removable silver skin than 
mechanical demucilaging with the Hess machine. Artificial drying produces 
a sample from which the silver skin can be more easily removed than natural 
drying at the 0.05 probability level. Furthermore, there was significance 
at the 0.01 probability level when the interaction between the two main 
effects of drying and demucilaging were considered. 
In considering the interaction of the two main effects it was found that 
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natural fermentation combined with artificial (rotary-drier) drying pro- 
duced the most favorable results. It was significantly greater than any of 
the other three possible combinations at the 0.01-percent probability level 
and there was no significant difference between the latter three. This lack 
of significance may be attributed, in part, to possible negative interaction 
between the two main effects, that is, in certain combinations the two main 
effects may have the effect of causing the silver skin to adhere tenaciously 
to the bean. 


RESUMEN 

Se ha demostrado que los métodos que se usan para beneficiar el grano 
maduro de café hasta convertirlo en café pergamino afectan la facilidad con 
que se desprende la epidermis plateada del grano verde comercial. La 
epidermis del grano fermentado naturalmente se desprende con mayor 
facilidad al nivel de probabilidad de 0.01 que cuando se le quita el mucilago 
a dichos granos mecdénicamente con una maquina Hess. 

El secado artificial produce muestras de las cuales la epidermis plateada 
puede quitarse con mayor facilidad, a una probabilidad de 0.05, que la 
epidermis plateada de las que se secan naturalmente. La interaccién de 
los dos efectos principales, secado y demucilaginacién, fué significativa al 
nivel de probabilidad de 0.01. 

Cuando se consideré la interaccién de los dos efectos principales men- 
cionados se encontré que la fermentacién natural combinada con la artificial 
(secadora rotatoria) produjo los mejores resultados. Fué significativamente 
mayor que cualquiera de las otras posibles combinaciones al nivel de proba- 
bilidad de 0.01 y no hubo diferencia significativa entre las ultimas tres 
combinaciones. 

Esta falta de significancia puede atribuirse, en parte, a la posible interac- 
cidn negativa entre los dos efectos principales, esto es, en ciertas combina- 
ciones los dos efectos principales pueden causar que la epidermis plateada 
se adhiera mds tenazmente al grano. 
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The Mysore Raspberry, A New Fruit for Home 
Gardens in the Central-Western Mountainous 
Region of Puerto Rico 


Tara Singh Dhaliwal’ 


INTRODUCTION 

The Mysore raspberry, a new introduction, has grown and fruited fairly 
well in the central-western mountainous region of Puerto Rico. It is a 
promising new fruit for home gardens. 

The Mysore raspberry, also referred to as the Ceylon raspberry or the 
Hill raspberry, is botanically known as Rubus albescens Roxb. (synonym, 
Rubus lasiocarpus Smith). It is native to the mountains of India, Ceylon, 
Burma, and Java, where it generally grows at an elevation of 1,500 to 
10,000 feet above sea level. In India it is also cultivated to a limited extent. 
According to Ledin (/, 2)? this raspberry grows and fruits well in south 
Florida and is recommended for cultivation in home gardens. 

In this paper the performance of the Mysore raspberry in the experi- 
mental plantings at the University of Puerto Rico, Agricultural Experiment 
Substation at Castafier, P. R., during the past 4 years is briefly described. 


THE MYSORE RASPBERRY 
GENERAL CHARACTERISTICS 


The canes or stems of the Mysore raspberry are glaucous and bear sharp 
prickles. The leaves have five to nine leaflets which possess sharp prickles 
along their rachis, petiole, and midrib. The upper surface of the leaflets 
is dark green and glabrous but the lower surface, due to the presence of 
numerous small white hairs, appears white. The flowers and fruits are pro- 
duced in terminal and axillary clusters on young shoots. The petals and the 
upper part of the carpels are pink or reddish in color. The berries are 
roundish in shape and their diameter varies from 14 to 34 inch. Partly ripe 
berries have a red or orange-red color but the fully ripe berries have a dark 
purple-black color and are covered with a fine bloom (figs. 1 and 2). 

' Associate Plant Breeder, Agricultural Experiment Station, University of Puerto 
Rico, Rfo Piedras, P. R. The author wishes to express his deepest appreciation to 
R. Bruce Ledin of the University of Florida and to William Pennock of the Univer- 
sity of Puerto Rico for supplying the Mysore raspberry plant material for establish- 
ing the experimental plantings. The author is very grateful also to the staff of the 
University of Puerto Rico, Agricultural Experiment Substation at Castaner, P. R., 
for their assistance and cooperation during the course of this study. 

2 Italie numbers in parentheses refer to Literature Cited, p. 138. 
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A young shoot (A) and a fruiting branch (B) of the Mysore raspberry. 
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The fruits are juicy and sweet. They have good flavor and appearauice, 
In general, the seed seem to be of the same size as those of many other 
raspberries commercially grown in the northern parts of the United States, 

The plants produce several vigorous canes from the crown or the lower 
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Fic. 2.—Ripe fruits of the Mysore raspberry. 
part of the old stems. Unpruned canes grow to a length of 15 feet or more 
and may continue fruiting from December to September. 


PROPAGATION 


The Mysore raspberry can be propagated by seed and also by vegetative 
methods such as stem cuttings and tip-layers. 
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The most simple and the best method of propagating the Mysore rasp- 
berry is by tip-layering. The selected cane is bent to the ground or into a 
J-gullon container filled with soil. A small portion of the stem just below 
the terminal leaves is covered with soil to a depth of 1 to 2 inches. Within 
3 to + weeks roots develop from the covered portion of the stem and the 
new plant is ready for separating from the parental plant. At Castaner 
tip-layering is successful at all times during the year, provided sufficient 
rain or irrigation water is available. The new plants should be given good 
care in the nursery for several months before planting them in the field. 

CULTURE 

At Castaner the Mysore raspberry has grown and fruited fairly well on 
a lateritic soil known as Alonso clay, with pH about 5.0. The tests by 
Ledin (7, 2) in south Florida show that this raspberry can grow even on 
alkaline soils. However, the plants seem to grow better on fertile soils which 
are well drained the year around. 

The Mysore raspberry can be planted in hills or in rows. The experimental 
plants at Castaner are planted in hills, keeping the distance between the 
plants 6 to 8 feet. August and September, when it frequently rains, seem to 
be the best months for establishing the plants in the field at Castafer. If 
the plants are much taller than 18 inches they should be cut back to about 
that height. Generally two to three wooden posts about 6 feet high are set 
around each plant and one to three wires are strung between them. The 
canes are loosely tied to the wires and the posts. 

The plants are shallow-rooted. Therefore they do not require much 
cultivation. However, it is necessary to weed the plantings occasionally. 

During lengthy dry periods it is necessary to irrigate the plants. As the 
experimental plantings at Castaner are dependent on rainfall, many plants 
frequently die during lengthy dry periods. 

The plants require fertilizer quite frequently. In general 1 to 2 ounces 
of ammonium sulfate fertilizer are applied four times a year around each 
of the plants less than 1 year old. The older plants are usually fertilized 
four times a year with 9-10-5 fertilizer at the rate of 4 to 6 ounces per plant. 

If not properly pruned the canes grow to a length of 15 feet or more and 
continue fruiting from December to September. In general, the fruits 
produced during the winter and spring months are of larger size and have 
better flavor than those produced during the summer months. In order to 
encourage the development of numerous young shoots which may fruit 
mostly during the winter and spring months it is necessary that the plants 
be pruned carefully. 

During early summer all the dead and the old canes should be cut close 
to the ground and the individual plants should be thinned to four to six 
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young, healthy, and vigorous canes. Towards the end of summer these 
canes should be cut back to a height of 5 to 6 feet to encourage the develop- 
ment of lateral branches. After a few months these lateral branches should 
be cut back to a length of 8 to 10 inches to force the development of second- 
ary lateral branches on which the fruits are borne. 

SPREAD AS A WILD PLANT 

The Mysore raspberry produces numerous seed which can be carried 
to far-off places by human beings, birds, streams, ete. Upon germination 
these seed can produce wild plants. 

To determine whether this raspberry has so far established itself in the 
wild, the surroundings of its experimental plantings at Castafer have been 
carefully searched. A few very weak wild seedlings of this raspberry were 
found growing quite close to the experimental plantings. 

Probably under natural conditions only a small percentage of the seed 
of this raspberry germinate and, because of attack by damping-off fungi, 
or strong sunshine or long dry periods, ete., only a few of them survive and 
grow large enough to be noticed easily. The wild raspberry plants remain 
very weak as they are not given the cultural treatments needed for their 
proper growing and fruiting under the prevailing environmental conditions. 
Thus it is quite unlikely that this raspberry can spread as a wild plant in 
this region of Puerto Rico. 

Ledin (2), after several years of study of the Mysore raspberry, concluded 
that it was quite unlikely that this raspberry would establish as a wild 
plant in south Florida. 

DISEASES AND INSECT PESTS 

The Mysore raspberry plants do not seem to suffer from serious diseases 
and insect pests at present. However, occasionally birds eat the ripe berries, 
but as they are not numerous in Puerto Rico they do not seem to present 
a serious problem for raspberry cultivation. 


PICKING 


When the Mysore raspberry plants are bearing heavily it is advisable 
to pick the berries at least twice a week. Only fully ripe berries, which are 
usually dark purple-black and easily separate from the core without 
crumbling, should be picked. If the ripe berries are not picked in time their 
color fades to deep red and mold develops on them. Many of them also 
fall to the ground, especially if the planting is exposed to strong winds and 
the canes are not tied securely to the posts or the wires. The berries should 
not be picked when they are wet. Care should be taken not to injure them 
in any way. As for other raspberries several types of containers can be used 
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to pick the Mysore raspberry, but the wooden pint-size berry boxes seem 
to be quite satisfactory. 
YIELD 

Because of many disturbing factors it has not been possible to collect 
sufficient yield data from the experimental Mysore raspberry plants grow- 
ing at Castafier. It is observed that the plants which are under light natural 
shade for a part of the day bear a relatively heavy crop, whereas those which 
are exposed to strong sunshine all day bear a relatively light crop. It seems 
that with good care an individual bush which has been in the field for 1 to 
2 years can produce several pounds of ripe berries during a year. 

USE OF FRUITS 

For the past 4 years the berries picked from the experimental Mysore 
raspberry plantings at Castafier have been supplied to a large number of 
persons and the information has been collected concerning their consump- 
tion. The berries are good for eating fresh. They can also be mixed with 
sugar and cream and served as a dessert, or be used for making jellies, jams, 
pies, ete. 


COMMERCIAL PRODUCTION POSSIBILITIES 


It is quite possible that in future some better raspberry varieties may be 
introduced into Puerto Rico or developed here through careful selection 
and hybridization. However, at present, the Mysore seems to be the only 
desirable raspberry which grows and fruits fairly well in the central- 
western mountainuous region of Puerto Rico. As it is a new fruit it should 
be planted on a small seale for consuming the fruits at home and for explor- 
ing the possibility of their sale in suitable markets. 


SUMMARY 


The Mysore raspberry, Rubus albescens Roxb. (synonym, Rubus lasio- 
carpus Smith) has recently been introduced into Puerto Rico. The experi- 
mental plantings of this raspberry have been established at the University 
of Puerto Rico, Agricultural Experiment Substation, at Castafier, situated 
in the middle of the central-western mountainous region of the Island. 

Based on the study of the experimental plantings for the past 4 years 
the general characteristics, propagation, culture, use of fruits, ete., of the 
Mysore raspberry have been briefly presented in this paper. 

The Mysore raspberry has grown fairly well at Castafer. If the cultural 
practices are employed carefully it produces well-flavored, sweet, and juicy 
berries over 2 period of several months during the year. The fruits are good 
for eating fresh and also for making jellies, jams, ete. It is a promising new 
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fruit for small-scale production in the central-western mountainous region 
of Puerto Rico. 
RESUMEN 

In este articulo se informa sobre los estudios experimentales realizados 
con la frambuesa de Mysore Rubus albescans Roxb. (sinonimia, Rubus 
lasiocarpus Smith) recientemente introducida por la Estacién Experi- 
mental Agricola de la Universidad de Puerto Rico y sembrada en la Subesta- | 
cidn en Castafer, la cual esta ubicada en la regidn montafiosa del oeste- 
central de la Isla. 


El estudio comprende ensayos de investigacién que tuvieron que ver con 
los caracteres generales de la planta, su propagacién, cultivo y uso de la 
fruta y que se llevaron a cabo por 4 afios. t 

La frambuesa de Mysore crece bastante bien en Castafer. Con practicas I 
de cultivo adecuadas, la planta produce frutas de buen sabor, dulces y 
jugosas durante varios meses del afio. Las frutas pueden consumirse fres- : 
cas, en jaleas, en cristal, ete. Tal parece que ésta es una nueva fruta con : 
posibilidades de arraigo en la regidn montafiosa de Puerto Rico para siem- ‘i 
bras en pequena escala. 
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RESEARCH NOTES 


ABSENCE OF HEMAGGLUTININS FROM BUFFER EXTRACTS 
OF VIRUS-INFECTED LEAVES 

Dalzell, et al.! have reported positive hemagglutination reactions with 
virus-diseased plant tissues and suggest that there may be a correlation 
between the hemagglutinin and infective titers of the viruses. 

Since the hemagglutination technique would be a very useful method 
in detecting plant viruses, attempts have been made in this laboratory to 
determine the agglutinability by six separate plant viruses for any one of 
five red blood cell species. The following viruses were separately inoculated 
to tobacco plants (Nicotiana tabacum var. Holmes Samsoun having the N 
localization factor from N. glutinosa) : Cucumber virus I type strain, tobacco 
severe etch virus, tobacco ringspot virus, tobacco necrosis virus strain F, 
and the Johnson No. 1 ringspot strain of potato virus X. Cucumber virus I 
was also propagated on cucumber (Cucumis sativus var. Marketer) while the 
common type-distorting strain of tobacco mosaic virus was propagated 
on NV. tabacum var. Virginia 12. Normal uninoculated plants of the species 
mentioned were also kept to be used as controls. 

The red cell species used were: Chicken, guinea pig, rabbit, cow, pigeon, 
goat, and human type “O” cells. Freshly drawn blood was collected in 
2-percent citrate solution and kept in the refrigerator for not more than 3 
days before the tests were performed. Just before the test the cells were 
washed by centrifuging three times in 0.85-percent saline. A 2-percent 
suspension by volume of the red blood cells was finally made in saline. 

Leaves showing good symptoms of viral infection were collected about 2 
weeks after inoculation and ground up in mortars, a separate mortar being 
used for each virus. Extracts were made by adding approximately 4 cc. of 
0.1-molar buffer per gram of leaf while grinding and the macerate was 
squeezed through two layers of gauze to obtain the extracts. Seven rows of 
serial twofold dilutions in saline were made from each extract in 0.5-ml. 
volumes. To each of the tubes of one row was added 0.5 ml. of chicken red 
cell suspension; to another row human type ‘O”’ cells, and so on. 

Extracts from normal tobacco plants were similarly treated. 

A control tube of red-cell suspension from each species plus saline was set 
also, All tubes were incubated at room temperature (+29°C.) and ob- 
served during a period of 2 hours at 15-minute intervals. The reaction was 
read by carefully observing the bottom of the tubes for the pattern of red- 

'Dalzell, R. C., Boyle, J. S., and Reid, J. J., Hemagglutination as a test to deter- 
mine virus infection of plants, Soc. Amer. Bact. Proc. 57 25, 1957. 
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cell sedimentation. In no instance was definite agglutination observed. In 
a single case the cells of one rabbit were partly agglutinated nonspecifically 
by both the normal leaf extracts and most of the virus infected leaf extracts, 
J. Enrique Pérez 
Plant Pathology Department 


GERMINATION OF ELEPHANT GRASS 
(PENNISETUM PURPUREUM SCHUM.) 


Elephant grass, Pennisetum purpureum Schum., was planted on Fredens- 
borg clay to correlate germination with planting method and season. 
Plantings were made using old (over | year) and new (less than 6 months) 
canes during the wet season (November) and during the dry season 
(March). The split-block field test comprised four methods of planting for 
the main blocks, and old cane and young cane for the subblocks. The 
planting methods were: 1, Canes flat in furrow, covered 1-2 inches; 2, 
canes flat, covered 2-3 inches; 3, canes flat, covered 4-6 inches; and 4, 
3-eye seed pieces planted nearly vertical. Canes planted flat were completely 
stripped whole stalks; 3-eye seed pieces were prepared as with sugarcane. 
There was ample soil moisture for the November planting and subsequent 
rainfall was adequate. There was less soil moisture for the March planting 
and subsequent rainfall was meager. 

The rainy-season planting reached practically full germination within 1 
month. The 3-eye seed pieces germinated better than the whole canes. 
Where whole canes were used, the shallower the planting, the better was 
the germination. There was little difference between young and old grass 
when whole canes were planted, but where the seed pieces were used the 
younger material was significantly better (P = 0.05). 

Germination continued for several months in the dry-season planting, 
especially of the 3-eye seed pieces. Young canes were superior to old ones 
in the dry-season planting of whole canes as well as of seed pieces. The 
deep-planted whole canes germinated better than the shallow-planted 
ones in the dry season, probably because of more drying near the surface. 
Three-eye seed pieces gave the best germination on Fredensborg clay soil 
regardless of soil moisture conditions. 

The results of this experiment suggest that: 1, Young elephant grass 
should always be used as planting material; 2, in the wet season, good 
germination can be had from whole canes covered about 2 inches, or from 
3-eye seed pieces; and 3, in the dry season (if not too dry), 3-eye seed 
pieces may give adequate germination. 

A.J. Oakes 
USDA, Virgin Islands 





od. In 
ically 
racts. 


‘tment 


‘dens- 
2aS0N. 
ynths) 
-ason 
1g for 
. The 
es; 2, 
nd 4, 
letely 
‘cane. 
quent 
ting 


hin | 
“anes. 
r was 
grass 


‘d the 


nting, 
1 ones 
. The 
anted 
irface. 


y soil 


grass 
good 
> from 
> seed 


slands 





AGRICULTURAL EXPERIMENT STATION 


(Continued from inside front cover) 


Station Staff: 


Plant Physiology (cont.) 


M. C. Fernandez, (Mrs.) B.S., Asst. Fo Fasaieh. II. 


nzdlez BS., Res, Asst. I in P hysiol, 
ee Tié, <8 D., Assoc. Plant Physiol. 


Soils 
Bonnet?, Ph.D., Soil rong oe Head of Dept. 
Micvedo Ramos, Ms. t. I in Soils. 
E. J. Brenes, M.S., Asst. sen chon I. 
; Rivera, B.S., Res. Asst. I in Soils, 
G. Garcia Monge’, B.S., "Res. Asst. I in Chem. 


t Pérez Escolar, M’S., Asst. Soil Scient. I 
J. Roldén, M.S., Asst. Chem. I. 


Central Analytical Laboratory 
.S., Chem. In Charge. 
A. Riera, isi? (ies) BS. Anal: Chem. 
t re iden, "BS., Asst. Chem ye 
J. Lebr6n Monelova, BS., 1. Che 
§ Villafafie Col6n, (Mrs.)” B 8, ‘koat Chee. 


Library 
J. P. Hayes, (Miss) M.S., Librn. 


Office of the Editor 
E. Molinary Salés, B.S., Agron. Point IV and Tech. 


T. Swann Harding, B.S., Eng. Tech. Ed. 


Cooperative ARS Research Projects 
— Chandler, M.S., Sup. Coop. ARS Res. 


F. ‘Abrufia, * §., Soil Scient. 
yi BS., Soil Scient. 
R. Caro Costas, B.S., Res. Asst. II in Soil Conserv. 


Rum Pilot Plant 

V. Rodriguez Benitez, M.S., Tech. 

C. Aguilera Flores?, B. eS ies. Asst. wri in Chem. 
A. Belardo Yadés, B.S., Res. Asst. II in Chem. 
H. M, Brau’, Ph. D., codon hy 


.C i 
R, Fraticelli, B.S., R 
M. M. de Mariani Ss 
M, A. Medina, ( . Asst. II in Bact. 
R. D. Rivera B.S. ee ‘hee I in Chem. 


School of Medicine 

D. Fernandez, (Miss) B. e. Asst. Nutr. 

¥. Torres, (Miss) B.8., Res. Asst. I in Biochem. 
E. Recio, (Miss) B. ei ‘ioe “Nutr. 


Service Department 

¥ C. Guevara, M.S., Agron., and Adm. Asst. 
A. Meléndez Gonzél ez, B.8., Assoc. Agron. 

G.J. Rigau, B.S., Asst. Agron. I. 

C. Rivera Léopez?, B.S., Asst. Agron. II. 


Statistical Section 


18, diwala, Ph.D., Assoc. Statisn. in Charge 
A. Cruz ,BS., Asst. Agron. I. 


Substations and Seeds Farms 


Main Cnn Seed Farms Divisi 
C. G. Moscoso, M.S., Asst. ‘gion II, Actg. Head of 
iv. 


Coffee Substation, Castafier 


é J. Rodriguez, M.S., Asst. Agron. II in Charge 
R. Bosque Lugo, B.S., Res. Asst. II in Agron. 
A. Torres, B.S., Res. ‘Asst. I in Hort. 


Corozal Substation 
oa Cabrera, M.S., Assoc. Agron. In 


R. Gaatia Caro, M.S., Res. Asst. II in Agron. 
T. Hart .» Asst. Hort. 


G. Parés Reyes, B.S. AS, Res. Asst. I in Agron. 
Isabela Substation 


A. Riollano, ae. Agron. In Charge. 

R. Abrams, M.S., ” Asst. Agron. I. 

O. Crespo Lépez, "B.S. Res, Asst. I in Agron. 

L. B. Ortiz, MS. Asst. Agron. II and Adm. Asst. 
A, Pérez?, B.S., Res. Asst. I in Agron. 

E. Pérez Rivera, B.S., Res. Asst. I in Agron. 

C. Ramos Caro, B.S., Res. Asst. I in Agron. 


Lajas Substation 


A. ,Conaiies Chapel, M.S., Asst. Dir. and An. Husb. 
in 

L. ‘Almodovart, B.S., Res. Asst. I in Agron. 

3 Ges, M.S., Asst. An. Husb. II. 

F, Diaz, B.S., Res. Asst. II in Irrign. Eng. 

J. Gantt Albino, B.A., Res. Asst. I in Chem. 

J. Caier BS., Res. Asst. IT in Agron. 

R. I ee B. S., Res. Asst. II in Agron. and Adm, 


Asst. 
R. —— Barbosa, B.S., Res. Asst. II in An, 


. Ortiz Vélez, M.S., Res. Asst. IIT in Agron. 
. Ramirez Ortiz, B.S. A., Res, Asst. I in An. Hus» 
. Rico, M.S. es. Asst. II in Agron. 
. Rojas, M.S., yw An. Husb. 
. " Silvestry, B.S., Res. Asst. I in Agron. 
. H. Sanfiorenzo, M.S., Asst. An. Husb. I. 
J. Torres Mas?, B. ‘s., Res. Asst. I in Agron. 
R. Vazquez, M.S., Asst. Agron. I. 


Gurabo Substation 


M. A. Lugo Lépez, Ph.D., Soil Scient. In Charge. 
J. E. Barbosa, BS.A ., Res. Asst. I in Agron. 
Capiel, M. 8. it. Agro ie 
Gonzélez itoline MS. Res. Asst, II in Agron. 
~~ Matos’, M.S., Asst. Path. I 

rtinez, B.S. A., Res. Asst. Li 2 Agron. 
Manzano, BS., it. Biochem. I. 
Ortiz Lugo, BSA Assoc. Agron. and Adm. 


t. 
Sierra, B.S.A., Res. Asst. I in Agron. 
Vélez Santiago, B.S.A., Res. Asst. I in Agron. 


M. 
C. 
L. 
M. J 
M. 
C. 
A. 
J. 


Fruit Substation 
C. J. Carel B.S. sae ast in Charge. 
G..C. Jackson, M.S. 


J. Lépez yen te BS. A Res. ‘Asst. Tin Hort. 





1 As of August 15, 1958. 
* Leave to pursue studies. 


3 Other leaves. 
4 USDA collaborators. 





